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sin ^errn S9runo .StYC; 

^rofelfcc an b(c itonigt. SBngalatdnie in SBnlinr 
SBert^cr ^err ^proftfior/ 

Dbflleic^, im TIngeftcIit bc8 ©egenflanbeS unb ti» 
2Birfli^feit fo roeit al8 ba§ Sctbienfl bcr 2(u8fu^run0 jcpt, 
biefe fUtne toiffenfdjciftlii^e a3ro(|)ute nur eine unbebeutenbe 
Slrbcit ijl, fo i|i ber Oegenflanb, bon bem biefelbe panbelf, 
mcineS SBijfcnS bie erfle ptactifcbe Grbrtcrung, tocicbe in 
cincr curopaeifc^en ©pra^e Det6ffentlid)t worben. IHcfet 
©Cgtnftanb — Anhydrous Thermo-Chemistry (Ib^rniO* 
cbemic njaffetfretet SSctbinbungen) tfi ciner, ben ©ie beffcr 
fits irgenb etn Slnbcrer fcnnen, bon flro^er S2Bi(^)tigfeit nicbt 
nur fur btc Katurpbilofoptjie tnt ^Illgemeinen, al8 au^) fiir 
biele anbere SBiffenfcbaften unb wijfenfcbaftli^e Mnfle, wie 
mctallurflifcbeS *j3robircn, fi 9 totc(^)mf(f)e 9Rineraloflie, u.f.n?. 

^u ciner 3cii/ al3 bie ©clebrtcn meinc8 ©cburtSlanbeS 
beinabc big aufeincnSRann meinclangfortgcfe^fen SIrbcitcn 
ignorirtcn unb jururfwiefen, rcicbtcn ©ie mir bie ^anb unb 
5 olItcn benfelbcn, eine gto^c ©enugtfjuung fiir micb, 3f)ten 
^BcifoK, toieSbre ipublicationen fiber meine ©d;riftcn in ber 
Sergs unb bfiitennidnnif(^en 3®itung bartbum 
Sbt6 ©rlaubnifi, bi«fut biefed fleine 2Berf §u 

toibmen/ 

„ Parvum, non parvi pignus amoris,” 

gereicbt mir jum grbiten Sergnfigen unb wirb immer ber 
©egenfianb meiner mabren 2)antbarteit gegen ©ie fein. 

banfbarer unb aufri(btiget 
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PEEFACE. 


Of the determinative sciences, Anhydrous Analysis is 
the most simple and fascinating. Charmed with the 
rapidity of his results, eager with expectation, cheered 
in his labours by the general success of his experi* 
mental plans, the blowpipe analyst springs from theorem 
to problem, — from designs to facts, — with a facility of 
mind and hand unexampled in any other branch of 
chemical physics, until he obtains analytical results 
which might perhaps excite the generous envy of older 
and better chemists than himself. 

That scientific Englishmen have begun to open their 
eyes to this undeniable truth is, I am happy and grate- 
ful to say, an accomplished fact. Soon may they learn 
the consequent fact that a knowledge of this science as 
it stands at present, will prove of commercial as well 
as educational importance, especially to our artisans, and 
tend to at least place them on a par with the most care- 
f ulljj' trained of our Continental neighbours. 

As regards my own experience, I can only say that 
this study has proved the solace and hope of a very 
chequered life, and that the retrospect of my humble 
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labours in tbis new field is a constant and unfailing 
source of pleasure to me. 

I will only add one fact here, as a proof of the 
encouragement the English worker may hope to re- 
ceive from his munificent and appreciative countrymen, 
viz. that Mr. Hunt, of Messrs. Hunt and Roskell, the 
jewellers, of Bond Street, London, presented me, quite 
unsolicited, with a series of twenty packets of gems — 
rubies, sapphires, emeralds, &c. — ^for blowpipe analysis ; 
the results of which I have given in a book on Pyro- 
logical Mineralogy,” which I trust will, before long, 
be permitted to see the light in the pages of my old 
and esteemed friend, the English Mechanic and World 
of Science^ as was the case with this little work. 

It will be found that, whenever desired by chemists, 
the definite borates described in this little work can 
as readily be obtained on a much greater scale, and 
weighed in the large assay balance. 


London, W. 
Uay, 1884 . 


W. A. E. 



rREFACE TO SECOND EDITION. 


This edition has been carefully revised and corrected 
in those points where errors of the press, or the like, 
had previously escaped correction. 

The opportunity has also been taken to add a series 
of useful Exercises in the Blowpipe Analysis of 
Minerals upon my system, with a solution of each 
Exercise, by Mineralogist.^^ This new matter will 
be found in an Appendix (pp. 191 — 208). 

I have only to add that, although no reference has 
been made to the labours of the Metallurgist in the 
title-page of this little work, those following that 
interesting profession will probably find an escape 
from some anomalies and contradictions in it (as, e.g.^ 
the statement that gold is a fixed metal by an 
appeal now and then to the humble little blowpipe, in 
the same way that .^sop's lion was freed from the 
trapper’s net by the nibbling mouse. 


Belgium, 

IStli October, 1888. 


W. A. E. 




INTRODUCTION. 


In the spring of the year 1770, “ Edward and 
Charles Dilly in the Poultry, London, published a 
small-octavo translation of Cronstedt’s work on Mine- 
ralogy, containing, as an appendix, two very creditable 
wood engravings of a hitherto unheard-of chemical in- 
strument, natural size, with pictures of some necessary 
apparatus ; and an excellent little treatise entitled, 
“Description and Use of a Mineraloglcal Pocket La- 
boratory, and Especially the Use of the Blowpipe in 
Mineralogy/^ 

The whole of these appendices were supposed to be 
the production of an Anglicised Swede, Gustav von 
Engestrom, residing in London ; a man evidently of 
great ability, although only an amateur, and possessing 
also considerable influence, for we see in BoswelFs 
“Life of Johnson,” that the brothers Dilly were at 
that time among the principal publishers in London. 

But after careful examination of this matter, and 
collation of the various books and papers concerned, at 
the British Museum, the fact appears beyond all doubt, 
and can indeed be clearly proved, that the Swedish 
mine master. Von Svahb, was in reality the author of 
this treatise, and that a copy of it, made from dicta- 
tion, was sent by Oronstedt surreptitiously to his friend 
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Von Engestrom in London, to be translated and pub- 
lished there after the death of Yon Svarb ; accordingly. 
Yon Svarb having died in 1769, the English trans- 
lation of Oronstedt’s “ Essay ” with the appendix con- 
sisting of poor Yon Svarb’s immortal blowpipe work 
under the above inviting title, and over the name of 
Yon Engestrom, came out in London in 1770. 

Billy’s shop, therefore, may be considered the lirth* 
place of descriptive Blowpipe Analysis, for although 
Von Svarb had nearly forty years before invented the 
chemical blowpipe, and Cramer had partly described 
its use with that of borax as a reagent, in a Latin 
treatise on ‘‘Assaying” published (at Leyden) in 1741, 
all record of the former’s work has been buried in the 
archives of the Stockliolm Academy of Science ; whilst 
the description of the latter goes little further than that 
of the English Boyle in 1660, which only shows how 
to melt small pieces of metal ” with it. 

It seems to me a melancholy fact to contemplate, 
that London, having thus been the parent of the “ Poor- 
Man’s Chemistry,” “ The Chemistry [par excellence) of 
the Microscope,” and of “ The Mineralogical Pocket 
Laboratory,” should have not only repudiated her for- 
tunate initiation of this important science, but should 
have used all the power and influence of her many 
distinguished chemists to crush it and put it down.* 
With the sole exception of Faraday, no distinguished 
British chemist has done more than merely mention 
the blowpipe, as a useful but not indispensable laboratory 
drudge, compelled to answer chemical qualitative in- 

• I understand that ** The City and Guilds of London Institute ” 
have quite recently, hy the advice of an irresponsible chemist, cut out 

Blowpipe Analysis,'* as worthless, from their Curriculum, It is still 
utterly untaught at “ The Royal School of Mines ”/ 
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quiries in certain formulae, prescribed by the results of 

wet methods ; whilst the work of the only original 
English writer on Blowpipe Analysis — ^the late J. J. 
GriflBn — ^has been actually swallowed bodily as regards 
some of his inventions — e.g. the method of making 
charcoal paste with rice water — without any acknow- 
ledgment at all, in the later editions of Plattner’s work, 
after Plattner’s death. 

Having had now twenty-five years’ experience in 
this matter, the latter half of which has been ob* 
tained in working upon the system devised by myself, 
I have carefully prepared this treatise, with the 
view of showing the student how to teach himself the 
science of Anhydrous Analysis, and its useful application 
to Mineralogy, &c., with special advice as to how and 
where the student (whom I assume to be an ordinarily 
intelligent town artisan of any of our large cities, 
without any greater knowledge of chemistry than can 
be acquired in these pages) can procure the material 
upon which and with which he is to work, at the least 
possible price. For instance, I purchased only the other 
day, at one of the old curiosity shops ” which swam 
in the streets of London, a couple of old agate brooches 
without setting, for the economical sum of 2d. each ; 
and a pair of polished agates is a very important item 
in blowpipe apparatus. 

I shall commence by first showing him how to 
make his own apparatus, or adapt well-known articles 
to his purposes, with the prices of the materials 
he requires, and I shall then go on at once to ex- 
aminations of the commonest minerals and rocks — 
such, for instance, as he may find specimens of in the 
public roads — ^by means of the most simple reagents, 
for it will not be necessary to trouble him with the 
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expensive and recondite means of obtaining the reac- 
tions of chemically pure oxides, a table or list of which 
shall be here given for his guidance. 

After this, he shall be led to the more elaborate 
analysis of minerals containing four or five oxides, as 
Lahradoritey each of which will have to be isolated so 
as to be determined by the blowpipe beyond all doubt. 
It will then, I hope, be manifest to the student that 
he shall be able, by means of his lamp and blowpipe, 
after a patient and persevering utilisation of his leisure 
time in this most iascinating study, to literally excel 
the miracles fabulously performed by “ Aladdin and 
his Wonderful Lamp.’* lie shall use it as a key of fire 
to unlock the secret and solid stores of nature ; as an 
instrument of torture, to force her to confess how she 
colours her amethysts, emeralds, and sapphires f as a 
‘^pencil of light,*' wherewith to trace, in imperishable 
records, and with electric rapidity, the precise composi- 
tion alike of her soft, sulphurous ore, or her adamantine 
corundum. 

The student who is somewhat of a proficient in 
Blowpipe Analysis, can commence his work with Chap- 
ter V., page 60, making an especial study of Tables III., 
IV., V., and VI. ; and by procuring from a mineralo- 
gical friend, unlabelled, but known powders for his 
investigation after the manner of the analyses detailed 
in Chapters X., XI., and XII. 

* Tide Berg und Hiittenmiinnische Zeitiing^ xli. Jabrgang, No. 48, 

8. 509. 
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THE BLOWPIPE 

IN CHEMISTRY, MINERALOGY, AND GEOLOGY. 

CHAPTER I. 

ON THE MANUFACTURE OF JiLOlFING APFARATUS. 

BrowriPE analysis having been shown in the “Intro- 
duction ” to have been born an English science, and, 
indeed, “ within hearing of Bow bells,*' I may be ex- 
cused for describing its general objects to Englishmen 
in the very words of its founder^ Von Svarb (printed 
in italics in the original) : T/iis art consists in a 
method of making mineralogical experiments upon a 
piece of charcoal with the concentrated flame of a candle 
blown through a hlowpipye,^^ 

In order to “ blow this flame,^’ you must have a 
constant blast, and this blast may be created by three 
simple means, as follow : — 

1. A Mouth-blower, or common blowpipe, in employ- 
ing which the lungs are used as bellows, and the 
checks as an air-reservoir. 

2. A Foot-blower, from which the blast is created by 
air-pressure, caused by repeated strokes of a pair of 
bellows filling an elastic air- reservoir. 

3. A Hand- blower, the same as (2), only smaller, 
placed upon the table instead of under it, and worked 
by hand instead of foot. 


B 
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Before proceeding to a description of the manufac- 
ture of these apparatus, let me here dispose of a remark 
of the great Swedish chemist, Berzelius, which is still 
maintained and put in practice by too many teachers 
and students of blowpipe analysis. After giving an 
account of various mechanical inventions to create a 
constant blast, Berzelius concludes : I pass them by, 
since all these attempts prove that the inventors had 
no correct idea of the use of the blowpipe [Plattner 
and Harkort were among them !] and it may with pro- 
priety be said that they might as well have proposed 
to play upon a wind instrument with a pair of bellows.* 

Berzelius was not the first great man and really 
clever writer who has committed himself to a foolish 
statement, and the metaphorical illustration of his 
views, although not wanting in a certain smartness,'* 
is especially unfortunate nowadays, since the most beau- 
tiful wind instrument " Europe possesses — the English 
or Wheatstone’s concertina — is “ played upon with a 
pair of bellows." 

The fact is, that with greater air-pressure (or what 
is popularly called “ a more powerful blast ") the opera- 
tor obtains, if the bulk of his lamp or gas-flame is duly 
proportioned, greater and more localised heat, and, 
therefore, better and more rapid results. 

How to make a Mouth-Blower or Common 
Blowpipe. 

Procure half a foot of thin but stout, ordinary brass 
tubing, about seven -tenths of an inch in diameter ; and 
another 6-in. piece, a little smaller, so as to draw 
in and out of the former, and yet fit air-tight, like the 
tubes of a telescope. Now solder a round flat piece or 
disc of brass, a little thicker than that of which the 
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tubes are composed, into one end of the wider tube, so 
as to close it air-tight. These are called the ‘‘ body- 
tubes ** of the blowpipe, and are thus made to draw out 
and in, partly for convenience in packing, and partly 
to suit exactly what is called the “ focal distance " of 
the eyes of the worker, which differs slightly in every 
individual, and is liable to be modified by age, sickness, 
&c. Everyone's eyes see minute objects (small print 
for instance^^ best at a certain point in front of them, 
called their “ focus," the space between this point and 
the pupil of the eye is called its ‘‘ focal distance,^' and 
it therefore follows that, if a short-sighted person uses 
a blowpipe with long body-tube, or a far-sighted man 
a short-body tubed blowpipe, in neither case will the 
operator see properly the minute reactions " going on 
in the ‘^assay " or object upon which he is working. 

We must now make the ‘‘jet " of our blowpipe — not 
quite so easy as making the body- tubes— but here is a 
picture of it (A, Fig. 1), the shape and about two-thirds 
the size it is required 

in reality to be, so <■- . — - , 

that the student will ^ 
have less difiiculty. 

He will observe that 
it is also a tube of 
thin brass, but which 
tapers from a broader to a much narrower end, though 
not quite to a point. The dotted lines show where it is 
covered by the large body-tube of the blowpipe, across 
which it passes at right angles, about half an inch from 
the closed or soldered end above described ; and the stu- 
dent will note that these dotted lines represent on this 
scale seven-tenths of an inch, or a space equal to the 
diameter of the larger body-tube, into which it must, of 


6 B 
Fig. 1. 
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course, fit air-tight. The dark-shaded circle between 
the dotted lines is the air-hole for passage of the breath. 
B is the nozzle y which fits air-tightly, but without 
screwing, upon the narrow end {b) of the jet. Its nar- 
row end (b) is solid as far as the dotted line, but bored 
very correctly by a hole through its centre, which a 
coarse needle should close, for the passage of the minute 
stream of air required. These little nozzles, made of 
brass, are, I believe, sold for 2d. or 3d. each ; but they 
are best made of platinum, because in that case, when 
clogged with soot (as they unavoidably become after a 
time) they may be instantly cleaned before the blowpipe 
on charcoal ; and all platinum articles which are sold 
by weight, only stand the purchaser in half the original 
cost, because Messrs. Johnson and Matthey, of Hatton 
Garden, London, purchase old platinum wire-ends, &c., 
for half-price of an equal weight of new articles. 

We must now revert to the body-tubes again in 
order to finish our blowpipe. Having bored, with great 
correctness, two holes in the wider body-tube, of diame- 
ters corresponding respectively with the size of the jet 
at the dotted line 1 and 2, Fig. 1, and passed the jet 
through these holes so that it fills them air-tight, and 
stands out from the body-tube at right angles to it 
(Fig. 3), the workman now covers the narrow end of 
the jet with the nozzle (B), and fastens with waxed silk- 
thread over the broad end, one of those india-rubber 
bladders sold in the parks to children and nursery -maids 
for, I think, a halfpenny, but considerably reduced in 
size — C, Fig. 3. This is in order to make what I have 
called an ‘‘ air- reservoir blowpipe ; ’’ but he should also 
make a little copper or brass stopper (or a bit of cork 
with sealing-wax might even do on an emergency), so 
as to fit air-tight into this broad end of the jet, thus 
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enabling the whole, if preferred, or when necessary, to 
be used, as an ordinary blowpipe. All my artisan- 
student has now left to do is to make the “ trumpet 
mouthpiece (an invention of the celebrated German 
pyrologist Plattner) of wood, of the shape and size 
shown in Fig. 2, bored through as figured by the dotted 
lines, and having a little 
pasteboard valve (made by 
marly cutting out a cir- 
cular disc) glued on the 
bottom, as shown (open) 
at V, This mouthpiece 
must of course fit air-tight, 
and yet the student ought 
to be able to remove it when required. The valve may 
also be made by simply fastening a piece of oiled silk 
loosely over that end, so as to close the hole upon any 
pressure of air from the inside^ but open it on receiving 
a blast from the mouth. Thus the air or breath can- 
not return into the operator’s cheeks, but the more he 
blows after the elastic bladder is filled, the greater will 
be the air-pressure of the blast on the fiame; and ho 
may even increase this pressure by squeezing the bladder 
with his hand. It is obvious that no practice is re- 
quired to use this blowpipe. 

The “ Air- reservoir Blowpipe” is now finished, and 
should present something of the appearance of Fig. 3, 
which is about half the natural size. The telescopic 
joint at a may be covered by a small piece of clastic 
tubing, which assists in keeping it perfectly air-tight, 
and also facilitates a good grasp of it by the right hand. 
The dotted lines show the distance which tube A gene- 
rally projects into tube B. The instrument is packed 
by drawing out the two joints completely separate, 
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taking out of its place the jet with its nozzle and wind- 
bag, folding the latter together in the shape of a small 
roll, and slipping them gently into the smaller body- 

tube A ; A is then, 
with its contents, 
pushed again into 
tube E, but this 
time right up to 
the soldered end, so that the 
whole size and appearance is that 
of tube B. 

This form of blowpipe can, as 
above mentioned, be used with- 
out the '^air -reservoir if re- 
quired, or if the supply of elastic 
bags is exhausted, by simply 
stopping the broad end of the jet 
so that it is air-tight, and re- 
moving the throat-valve but 
the student can, if he prefers it, 
purchase one of the conical 
tinned and lacquered iron blow- 
pipes called Black’s ” (said to 
be the invention of tlie celebrated 
Edinburgh chemist Dr. Black) 
for, I believe, a shilling, and, of 
course, an air-bladder and mouth- 
piece with valve may easily bo 
fitted on one of them (Fig. 20). 
There are numerous other kinds 
of ordinary mouth -blowpipes 
which need not be described here, as every shop keep- 
ing these articles has a stock of them. Of these by 
far the best is the one known as “ Gahn's blowpipe 
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with Plattner*s trumpet mouthpiece*' (Fig 4), of which 
Fig. 5 is a modification proposed by me. 



Fig. 6.— Plattner’s Trumpet-Mouthpiece. 


How to make a Foot-Blower- 

Get a small pair of ordinary housemaid’s hand-bellows 
(price Is. 6d.) ; if thought too large, saw off both the 
handles, file or cut off about three inches of the iron 
nozzle, and apply one end of a piece of elastic tubing 
(price 7d. per yard) to the stump by means of a small 
angular glass or brass tube to lead it upwards ; fix an 
ordinary goldsmith’s curved blowpipe (price 6d.) in the 
other end of the tube, which should be sufficiently long 
to reach comfortably to your lamp on the table, and no 
longer. At any convenient position between these 
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points you must fasten in the elastic tube a small 
elliptic india-rubber bag (l"ig. G), open at both ends 

(kept by all druggists), 
by means of two small 
pieces of glass tubing the 
requisite width, and a 
little fine wire strapping or waxed silk, to act as an air- 
reservoir. Now open the leather part of 3^our bellows 

carefully on the 
side ojiposite the 
valve, and fix 
neatly down by 
means of small 
^ iron-wirepinson 
that inner side, 
a not too strong 
circular chair- 
cushion spring, 
so that when 
the bellows arc 
pressed together 
the valve shall 
not be interfered 
with. The bel- 
lows being care- 
fully and air- 
tightly closed 
again, with the 
spring inside, 
will now remain 
distended, and 
are to be placed 
on the floor near the worker’s right foot, valve down- 
wards. He will find such a foot or hand-blower almost 






Fiar. G. 
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indispensable in operations with boric acid, unless he 
is a first-rate user of the mouth-blower. Figs. 7, 8, 
and 9 represent a box for apparatus which can be used 
as a foot- blower. They require no description. 

How to make a Leather Hand-Blower 
without Valve or Spring. 

A (Fig. 10) is a plan of the two wooden circular frames 
belonging to this blower, a being the smaller frame, 
and b the larger one ; the larger shaded circle is a hole 
cut in the upper smaller frame ; the small shaded circle 
a hole in the under larger frame. B is a front eleva- 
tion of i, showing a section of the windpipe as a dark- 
shaded circle, with an iron slot c underneath, for the 
head of a screw or nail fastened into the table, to keep 
the blow’cr down when pulled upwards. C is a stereo- 
graphic sketch of the hand-blower in position, a and h 
being the two wooden frames, with d an elastic air- 
reservoir covered by a hair-net, and e a blast-pipe with 
nozzle, which can, of course, be made any length con- 
venient to the operator ; c is the table- screw fitted into 
the slot above described, which Mr. J. T. Letcher thinks 
might be done away with, by weighting the inner side 
of the large wooden frame A with two pieces of lead ; 
or the whole of its inner surface might be covered wdth 
a circular sheet of lead. This arrangement would not 
injure the table in any way, and would, I think, be 
sufficient to hold the blower down, making it a little 
heavier ; but that is not of much consequence. /, /, / 
are pieces of elastic tubing, placed where convenient. 

To use the machine, the smaller wooden frame is 
taken between the operator’s thumb and second and 
third fingers ; when the soft leather bag has been thus 
pulled out to the utmost extent, as shown inC, Fig. 10, the 
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bole a is stopped alr-tightly by finger, and the 

bag pressed down^ wliicli motion has the effect 



of driving its contained air into the reservoir d, which 
is at once expanded, and exerts an amount of air- 
pressure upon the lamp-flame proportioned to its ex- 
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pansion. In pulling up the blower to renew tbe down- 
wards stroke, the forefinger is raised from tbe hole a, 
thus acting as the valve, whilst the extremely slight 
muscular force of the arm required to pull up the soft 
leather bag, acts instead of the steel spring, which 
constitutes the chief expense of leather hand-blowers. 

Mr. J. T. Letcher, of Truro, Cornwall, has been so 
kind as to make, at my request, a temporary but work- 
ing specimen from the above sketch and description, of 
the cheapest possible materials ; the air-reservoir and 
tube, d, f. Fig. 10, being made of one of those squeaking, 
elastic air-bladders sold in toyshops for one-halfpenny 
each. He will, no doubt, make others more complete 
and stronger than this, to any orders ; and I am quite 
certain, from what I have seen of his work, that pur- 
chasers will be thoroughly satisfied with it, as being fiir 
more moderate in price, and yet quite as well finished 
as that of the best Freiberg makers. I have constituted 
him sole trade maker of this hand-blower (which would 
appear to be the cheapest leather one in existence), as 
well as of the whole of my pyrological apparatus. 

The dotted lines surrounding D show another form of 
wind-bag, which, I think, would be an improvement, 
and not increase the price at all. E is a rough 
sketch of the blower made by Mr. Letcher, closed for 
packing. All Figs, are half the natural size. 

Vulcanite Hand-Blowers.* 

An extremely ingenious one is made by the above- 
mentioned gentleman. It is, in few words, the con- 
version of one of those white, vulcanite, children’s air- 
balls, about the diameter of one’s closed fist, sold in 
toyshops for 3d. or 4d. each, into a blmpipe hand'- 

* Vulcanite blowers lose elasticity in a hot climate (as India). 
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hlorcer (!), and a very efficient one Mr. Letcher has 
made of it. 

Although, of course, such a blower would not bo 



expected to possess the power of leather bellows, the 
return of the elastic ball to a spherical shape after 
squeezing (which creates the atmospheric iu-draught) 


Fijj:, 11. — The old Freiberg Hand-blower. 
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being by no means so vigorous as the outwards force of 
a contained steel spring, or the muscular pulling open 
of hand (housemaid’s) leather bellows, and consequently 
the pressure of indrawn air and then of expelled air 
being proportionately less ; still, for ordinaiy purposes 
of blowpipe analysis — as e.g, the sublimation of volatile 
metals on aluminium plate, &c. — this cheap and most 
ingenious little hand-blower is really first-class. 

The valves are placed in two small turned pieces of 
boxwood inserted into the poles of the little elastic air- 
globe, and an elastic air-reservoir, covered by a hair-net, 
is situated about halfway in a piece of vulcanised rubber 
tubing leading to the telescopic stand for the jet and 
nozzle, which are moved up, down, or sideways on a 
kind of universal joint, this stand being also, I believe, 
an invention of Mr. Letcher. 

Fig. 11 represents the old Freiberg vulcanite blower, 
with stand and lamp. D is the bellows ; E the air- 
reservoir, and C the jet. The upper limb of the stand 
was graduated by me to show the angle of depression. 

Fletcher, of Warrington, makes beautiful little 
leather hand-blowers. Fig. 12. I shall conclude this 
chapter by quoting an account by the manufacturer, 
Mr. Newman (1816), of Brooke's Piston Hand-hlower : — 

“ The instrument consists of a strong plate-copper 
box, perfectly air-tight, 3 in. in width and height, and 
4 in. in length ; a condensing syringe to force air into 
the box, and a stop-cock with jet at one end of it, to 
regulate the blast. The piston-rod of the condenser 
works through leather collars in the cap, which has an 
aperture in the side, and a screw connected with a stop- 
cock, which may again communicate with a jar, bladder, 
or gasometer, containing oxygen, hydrogen, or other 
gases. The use of the instrument is very simple. By 
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a few strokes of the piston, air is thrown into the 
chamber, and forms a compressed atmosphere within. 
When the stop-cock is opened, the air expanding, issues 
out with great force in a small but rapid stream, which, 
when directed on the flame of a lamp, acts as the jet 
from a common blowpipe, but with more precision and 

regularity These blowpipes are very portable, 

not liable to injury, and answer, I believe, the expecta- 
tions of all who have tried them, and I have made many 
for difibrent persons. The whole instrument, with lamp 
adapted to it, packs in a small box 6 in. long and 4 in. in* 



». 12. — Pletchcr’s Leather Hand-hlower and Lamp. 


width and height, and there is space enough left for 
other small articles.” 

I have only to add that some later German and 
American writers on Blowpipe Analysis speak (in a 
rather sneering manner) of foot and hand-blowers as 
being ^‘automatic” (Greek aiitomatoSy a self-moving 
machine), but I would, with all due deference, observe 
that they are no more automatic than a mouth-blower 
is, the only difierence being that the former are worked 
by the muscles of the leg or arm, and the latter by those 
of the sides compressing the lungs, and of the cheeks. 



CHAPTER II 


ON TEE CONSTRUCTION OF FYROLOGIGAL LAMTS-OIL, 
CANELE, AND GAS, 

Having considered in Chapter I. the best forms ol 
Blowers, in studying Blowpipe Analysis, I must now 
ask my readers to give me for a time the whole oi 
their attention and mechanical ingenuity while we 
devote an hour to a not less important matter : the 
construction of our fuel-burners or lamps. As inferred 
in the heading, pyrological fuel exists in three states 
or conditions — fluid, solid, and gaseous. In other 
words, as oil (for ‘^spirit," i.e, alcohol, is useless in 
this relation), as a candle or melted fat, and as coal- 
gas; and it will be obvious that a lamp must be 
specially constructed for burning either of these three 
fuels. 

Before entering on a description of the manufacture 
of these lamps, it will be necessary to refer to an objec- 
tion entertained by many eminent blowpipe analysts of 
my acquaintance — more especially by those who have 
been students at Freiberg University — to the pyrolo- 
gical use of coal-gas as fuel. 

They say (what is quite true) that gas is invariably 
adulterated, more or less, with sulphur compounds; 
and, secondly, that as the travelling mineralogist or 
pyrological chemist cannot hope to obtain gas on the 
scene of most of his operations, it is a mere waste of 
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time to teach him how to conduct these operations by 
means of gas as fuel ; he ought therefore (they say) to 
use only oil or candle-lamps, in order that he may not 
be misled or betrayed by any sulphurous “ reactions ** 
[I shall explain all these hard words when I come to 
use them on my own account], or by the fatal facility " 
obtained in operations with gas, in consequence of its 
comparative cleanness, absence of wick-trimming, 
greater heat, &c. Now, with regard to the first of 
these objections, the presence in some shape or other, 
more or less, of sulphur compounds in gas, although 
that defect certainly is invariable, it has not seemed to 
me, after an experience of some 12 years, to produce 
any great difference of results from those realised by a 
previous 12 years’ experience in operations conducted 
exclusively by means of oil and candle-lamps, except, 
of course, in cases of testingyi?r sulphur and its com- 
pounds, when the latter alone must bo used. 

The second dictum of restricting the operator at 
home to the use of oil and candle-lamps, because they 
are inferior to but more easily carried or procured than 
gas, is, it seems to me, about as reasonable as to 
require a chemist to use only in his home laboratory 
the little dropping-bottles of nitric or hydrochloric acid 
which he is compelled, for reasons of portability and 
convenience, to use on his travels in testing limestone 
rocks, &c., for carbonic- acid gas. 

I would, therefore, strongly recommend my student 
not only to use a gas-lamp, but the most powerful of 
all pyrological lamps, a hot-gas lamp worked by a 
foot-blower, as soon and as long as he can procure it, 
and when he can no longer do so, to tax to the utmost his 
ingenuity, in order to increase the power of his oil or 
candle-lamp so as to use constantly a foot or hand- 
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blower with it also. I believe a good deal could be 
done with a petroleum-lamp, but having never tried 
one, I shall, as Berzelius says, pass it by here. 

Of oil pyrological lamps, by far the best, and, indeed, 
the only one now known, is that invented by Berzelius 
himself* (Fig. 13), which he filled with common olive or 



Fig. 13. — Berzelius’s Oil Lamp. 

even rape-seed oil ; but when pure cocoa-nut palm oil, 
as it is sent from Ceylon, can be procured for this lamp, 
it is simply perfection in the way of oil-lamps, as this 
oil becomes solid at a temperature of under 70^ F., 
which renders it extremel}^ portable, whilst it affords a 
perfect pyrocone.’^ The following account, condensed 

^ ♦ There are strong reasons for believing that this lamp was the 
mvention, not of Berzelius, but of his teacher, Assessor Gahn, of 
Fahlun. 



18 THE BLOWPIPE IN CHEMISTJIY, MlNEllALOCiY, ETC. 


from Dr. Scheerer’s Introduction to the Use of the 
Blowpipe/^ translated by the Editors of the London 
Annals of Pharmacy and Practical Chemistry/^ pub- 
lished by Freeman, 69, Fleet Street, 1853, describes 


The way to make a Pyrological Oil-Lamp. 
First, make the chamber K (Fig. 14, which is about 
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solderings as possible. This may bo lacquered exter- 
nally black or brown, and should be attached to a 
metal loop with clamping-screw c, to move up and 
down upon the perpendicular rod S. Oil is poured in 
at the opening A, which is closed by means of a screw- 
cap B, Fig. 15 ; a, Fig. 14, and a', Fig. 15, 
is the socket for the wick (made of strands 
of plaited cotton), which should be co- 
vered, when not in use, by a screw-cap 
similar to B. The principal construction 
of the socket and the opening for the wick 
may be perceived in the outline a, and 
from the anterior view c'. Fig. 15, also in 
the larger drawing at C. The lamp- 
chamber K should be screwed securely at 
an elevation equal to that at which the 
blowpipe is to be held, and a convenient 
place obtained on the table to support 
the arm which holds the blowpipe.’^ I 
may add to this account, that the stand is made of two 
cross pieces of brass B, screwed together by the perpen- 
dicular rod S. I now proceed to show 

How to make a Pyrological Candle-Lamp. 

Make of any good conducting metal, as zinc, a strong 
oblong box, about the size of A a (Fig. 1(3, section), one 
end being partly closed by a rectangular four-sided 
plate, the narrow sides of which taper inwards like the 
frame of a slate, as shown (in plan) at B, Fig. 17. Into 
the box is slipped a rectangular candle of the same 
shape, having the double wick running near and parallel 
with, but not quite along, one of its two short sides, A 
d, Figs. IG and 17. Even if I could myself make candles, 
it would scarcely be expected that I should have space 


a. 



Fig. 15. 
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or time here to give a description of the manufacture, 
but I may mention that the largest candle-makers in 
the world— Messrs. Price & Co., of Battersea— have a 



special mould for pyrological candles,'^ producing 
individuals the size and shape given in Fig. 16 ; the late 
Mr. Hatcher, their manager, having been so good as to 
call on me in Woolwich in 1874, to obtain directions 


Fig. 16. — Ross’s Candle-Jamp. 
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as to their manufticture. I have no doubt, from my 
knowledge of their liberality and public spirit, if my 
name is mentioned in any communication to that firm 
(which should ascertain from them the size of 

their candle), that they will retail such candles to 
Ude artisans at wholesale priceSy especially if a number 
of workmen club together to purcliase them. Fig. 16 
represents a little more than half of one of their j^yro- 
logical candles (for of course they can be cut into any 
required lengths) A h, resting on a metallic plate e, which 
again is supported and pressed upwards by a spiral 



steel spring a. The candle and spring being placed or 
rather pressed in position, the bottom of the box is 
closed by sliding through slots or grooves cut in the 
inner bottom, longest sides, a long zinc or iron plate 
I) D, the front part of which, D r/, acts as a tray for 
catching fallen beads, &c. ; and upon this tray the 
owner may also place his aluminium plate (to be after- 
w^ards described) when not in use, as it makes a far 
better tray than any other metal does. Figs. 18 and 
19 are older and simpler forms of candle-lamps. A 
(Fig. 18) is a mould of spare “w^ax for fitting into 
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the round candle about the wick. In conclusion, as 
regards oil and candle pyrological lamps, it should 
be mentioned that as they are generally used with hand- 
blowers (see Chapter L), the jet and nozzle of the 
blowpipe must be carried upon a stand capable of 

directing them up and 
down upon the flame 
at any required angle. 
The best and most port- 
able stand I have yet 
seen is that devised by 
Fletcher, of Warring- 
ton ; it consists of three 
joints with a stand- 
piece for the lamp, of 
flat thin brass, and can 
be folded so as to be 
carried in the waistcoat 
pocket (see Figs. 12, 
23, and 14, p. 30, in 
my Manual of Blow- 
pipe Analysis’’). The 
candle-lamp can be fed at tojD with melted fat, dripping, 
or even oil, so that one candle can be made to last 
almost indefinitely. A very excellent and practical 
fat or dripping pyrological lamp has been simulta- 
neously devised by Dr. Foster, F.G.S. (who has given a 
description of it in the Mincralogical Magazine), and by 
Lombardi, of 4, Argyll-place, Bcgent- street. It can be 
easily made of the closed end of an old iron gaspipe, 
about 2 in. diameter (price 2d.), which contains an 
arrangement of zinc foil for carrying the wick at 
any point of the inner circumference, and is filled with 
melted fat. The whole article, with fuel, ought not 
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to cost more than 6d. The instrument for ‘‘ snuflBng ’’ 
these lamps will be described under the head of 
‘‘ Apparatus.’^ 



Fig. 20 is an outline sketch of another form of air- 
reservoir blowpipe and candle-lamp, with tray, in use. 
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How to make a PyroJogicaJ Hot-Gas Lamp. 

A (Fig. 21) is a brass tube, or, if preferred, a rod about 
the diamefer of the body-tube of the blowpipe 
(Chapter I.), which screws perpendicularly into a heavy 
metallic (lead or zinc) pedestal 1), which should have a 
small projecting lip or ])oiiit : if tlie ledge of the hot A1 
plate is placed under this j)oint, the plate will stand up- 
right. Uj^on this brass tube fasten loosely by flanges at 
B', so that it can slide up and down, but remain fixed at 
any point, the tube BB', to wliicb is soldered near its lower 
part at B tlie horizontal 
tube i, carrying a short 
Bunsen burner Now slip 
over the top of tube B B' 
another, similarly flanged, 
but much shorter tube 0, 
with its flanges pointing 
down^vards, carrying, by 
means of a solder near its 
top, the tube e c, which has 
a small slot or elliptical hole 
cut in its upper end c for the 
insertion of the foot-blower 
nozzle. These tubes {b andc) 
communicate by means of the gas taps E' and E respec- 
tively, and two elastic tubes (connected with one main 
clastic tube by the triangular pipe. Fig. 22) with the 
house gaspipe at any gas-bracket. F is an ordinary 
goldsmith’s blowpipe connected by an elastic tube with 
a foot-blower under the table (Chapter I.). G is a box 
which can contain any small apparatus, covered by an 
aluminium tray g, for falling beads, &c. ; 11, a pla- 
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tinum dish clamped on an iron pillar over the base 
of the pyrocone, containing boiling distilled water for 



Fijv. 23.— Cold-Gas Lamp with Fletcher’s Jet-carricr. 

dissolving boric-acid beads, and obtaining the insoluble 
borates formed within them by the action of the 
blowpipe, as will be explained in a future lesson on 
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Reagents.’’ The tubes h and c can evidently be used 
separately, if required. 

The above- described apparatus forms the most power- 
ful and useful chemical blowpipe known, excluding, ot 
course^ the oxyhydrogen, and such blowpipes as H era- 
path’s, of Bristol, in which the blast is directed from the 
centre of the gaspipe. All such, as well as the p3"ro- 
logical use of an ordinary Bunsen burner, paralyse and 
jumble together the chemical effects of oxidation and 



Fig. 24. 


reduction, for which the ordinaiy blowpipe pyrocone 
is so justly celebrated, and cannot, therefore, be used 
here. 

The sketch accompanjdng this description is taken 
from an instrument designed and made for me by its 
inventor, my old pupil, M. Lombardi, who showed me 
a series of experiments which place the matter 
beyond doubt, that heating the gas is far more effective 
in obtaining this result than heating the blast, although 
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it must be observed that Mr. Fletcher^s hot-blast 
apparatus heats the gas as well. The whole thing, ex- 
cluding the platinum dish, ought not to cost more than 
a few shillings. 

Fig. 23 is a rough sketch of an extemporised single 
gas-larnp, worked with a hand-blower. B is the blast- 
pipe carried on one of Fletcher's portable stands ; C 
the brass ring for platinum capsules ; D D a blackened 
zinc plate to act as a background against the blue 
flame ; E an aluminium tray ; and F a small box on 
which the gas-burner rests. Fig. 24 shows the capsule 
with water boiling over the pyrocone, while the bead 
or ‘‘ assay II is under treatment. 



CHArraH III. 

ON SUrrORTS and apiaratus. 

Before setting about his work, the student of pyro- 
logical analysis has to make, adapt, or acquire several 
instruments, subordinate, indeed, to the two chief 
articles, a blowpipe and a lamp, the manufacture of 
which has formed the subject of the first two chapters, 
but still absolutely necessary, and indispensable to 
all progress. It will be evident to him on reflection, 
that having produced, as above described, what has 
been generally miscalled the blowpipe ‘^flame,^’ — for 
it is in reality a beautiful cone of solid, dark-blue fire 
with an extremely acute ‘Wertex,” ending in a point 
as fine as that of a needle, and which should, therefore, 
be called not a flame,” but a pyrocone (Greek 
latinised into pyr, fire, and honos], or cone of fire — he 
cannot hold in it the object on which he proposes 
to work, or the “ assay,” directly with his fingers, but 
must interpose between those delicate members and the 
fire some intermediate article or instrument which 
shall possess the twofold negative property of not 
being destroyed by such intense heat, and of not being 
even acted upon by it so as to communicate any part 
of itself, altered as by “ oxidation ” (which term I shall 
explain in another part of these lessons) to the above- 
mentioned ‘‘assay.” 
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These intermediaries are called supports,” and are 
xnainly of two kinds; one, when the object to be 

assayed ” is supported before the blowpipe hy itseff^ 
generally expressed by the two equivalent Latin words 
per se; the other, when the assay ” is treated before 
the blowpipe along with some chemical substance ‘‘de- 
composing ” it (Latin de, out of, and compono, I put 
together), as in using boric acid, or dissolving it, as 
in the use of borax ; the latter accompaniments are 
called “ reagents ” (Latin re, again, and ayo, I act), 
and shall be discussed after the next chapter or so. 
Let us now, therefore, consider supports for the assay 
per se. 

The Aluminium Plate and Charcoal Support. 

Ever since the great discovery of the chemical 
qualifications of the mouth blowpipe by Vo7i Svarb, in 
1731 (not 1738 as generally supposed), the thing he 
used — a large piece of charcoal of different kinds of 
wood, more or less nicely cut or shaped — has been 
employed as the most general support for substances 
treated before it per se ; but within the last ten years, 
chemists began to be aware of the very serious draw- 
backs apparently inseparable from the undoubted 
advantages of this use of charcoal, and to attempt to 
devise something to eliminate, or at least modify, the 
former, whilst retaining the latter. Aluminium-plate 
is my contribution to these attempts (proposed by me 
in 1871), and it appears to have been so fortunate as to 
be now generally accepted and employed throughout 
Europe and America, except at Freiberg, in Saxony 
(it is amusing to learn that many of the Freiberg 
students use aluminium plate in their own quarters), 
and in the “ John C. Green School of Science,” New 
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Jersey, U.S. A., where large lamps of charcoal are still, 
apparently, exclusively used. It would be unbe- 
coming, therefore, to give hero my own account of 
what I cannot but consider the advantages of adopting 
it, and I shall, instead, lay before my pupils a con- 
densed description, extracted from the Chemical JSew% 
of Nov. 9 and 16, 1877, given by Mr.W.M. Hutchings, 
the well-known metallurgist and mining engineer, and 
one of the most brilliant English students who has 
ever proceeded from the famous Freiberg University. 
‘‘ Those who are in the habit of using the blow- 
pipe .... will be well aware how difficult it is to 
obtain suitable pieces of charcoal for sublimates, and 
how expensive they are, even when they can be got at 
all. They are also very bulky, inconvenient, and dirty 
to carry, when one wishes to use blowpipe apparatus in 
travelling. For these reasons various suggestions have 
been made for economising and partially replacing 
them. Dr. Foster introduced a slab of un glazed porce- 
lain, the size and shape of a good piece of charcoal, 
having at the ends cavities for small pieces of charcoal, 
on which to place the assay. The porcelain surface is 
blackened by holding it in the lamp-flame, and receives 
sublimates in the same manner as a long piece of 
charcoal. Mr. Fletcher, of Warrington, suggested the 
use of porcelain plates having a small ledge at right 
angles, for the support of a bit of charcoal, so held 
that the blackened surface for receiving sublimates 
should be almost vertical, after the manner of the 
aluminium-plate, introduced by Colonel Eoss. This 
would be better than either long pieces of charcoal 
or Foster’s support, as it is, undoubtedly, far pre- 
ferable to catch the sublimates on a vertical surface. 
But by far the best support in every way is the above- 
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mentioned alumlnlum-plate, first used by Colonel Ross, 
and described by him in his book, ‘ Pyrology.^ Ifavlng 
worked for some time with this, and, after long and 
careful trials and comparisons with charcoal, I have 
found it so very excellent and useful, that I think 
some remarks upon it may be of service to those 
who have not yet tried it. . . . It is, certainl}^ a pity 
that anybody should continue to use charcoal when 
there is something so much superior to be had. . . . 
The plate is not only a great gain as to the portabilit}^, 
cleanliness, and expense^ but also gives, in most cases, 
much better indications of the volatile substances sought 
for.” Again, ‘‘ Berzelius laments the difficulty of pro- 
curing good charcoal when travelling, even in the well- 
wooded regions of the North, and this difficult}", and 
the consequent necessity of carrying about a quantity 
of dirty charcoal, all travelling analysts must find 
an annoyance.” (Griffin’s Chemical Handicraft,” 
p. 372.) 

How to make the Aluminium-Plate Support. 

Procure a rectangular strip of aluminium j)lfit6 
not less than four inches long by two broad, 1-32 inch 
thick, or of the thickness of this line half an inch 

of one end of which should be turned up by pressing it, 
while the metal is warm, firmly on a table, and bending 
up [not too sharphj) the remaining portion in a vertical 
position, with both hands, to an angle of 95^^ ; or a 
right-angle will do (Fig. 25, A C B). This half-inch 
horizontal part now forms a little ledge or rest for tlio 
assay, which, whether it be composed of one of the 
volatile metals, as bismuth, antimony, &c., (so ruinous if 
heated with platinum) or of mineral powder fused with 
soda or potash, before the blowpipe (C, Fig. 25), can be 




Ross’s Aluir.ininm-pliito Support, two-thirds natural 
(A, and the suhlimato under, should be pawtal lehiie.) 
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held by an ordinary iron pressure-opening forceps, 
having long flat blades, and muffled with list or flannel 
wrapped round the handle to pro- 
tect the fingers, which would other- 
wise be severely burned by the 
tremendous heat-conducting powers 
of this metal, E, Fig. 25 {a in which 
shows the scar of a very severe burn 
received by me when first experi- 
menting with aluminium plate in 
India). Fig. 27 gives a side view 
of these forceps. The corners and 
edges of the plate can be rounded 
by filing, to prevent tearing any 
lining of the blowpipe-case. These 
figures will again be referred to in 
describing the tiseof apparatus; but it may be mentioned 
Jiere that the dotted lines near A, Fig. 25, represent a 
thin, flat rectangular slab of charcoal, fastened by two 


a''!"'''''" 



o 

Fig. 20 . 



pieces of thin wire over the front leg of the holding 
forceps for the purpose of recording the charcoal re- 
actions of sublimates, as it is a little addition of mine to 
this invention lately described in the Chemical News, 
and now figured for the first time. It is outlined in 
dotted lines because it will only be seldom employed, 
and to show the shape of the forceps-blade underneath 
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N.B. — Messrs. Johusonand Matthey, of Hatton Garden, 
sell aluminium by weight (and cheaply, considering its 
specific gravity is extremely low) ; and, I believe, allow 
half price by weight for old scraps as with platinum. 
The plate is cleaned by dipping a piece of rag (silk 
rag of old umbrella covers is best) wrapped round the 
forefinger, in charcoal dust and water, and rubbing 
well at the spots or stains. If the charcoal slips 
are sawed over a porcelain dish or basin (rf, Fig. 
64) containing water the necessary paste will be 
obtained. ‘‘The best way is to work as follows: — 
A fragment of the substance, about half the size of a 
small pea — or if it decrepitates, a corresponding amount 
of powder made to a paste with water — ^is laid upon the 
ledge of the base plate, close up to the angle (as 0, Fig. 
25), and heated very slightly, about half an inch from 
the tip of a pure blue flame which is directed downwards 
on the assay with a gentle blast. Any sublimate obtained 
should be examined from time to time : the heat being 
increased after each examination, till finally, very little 
or nothing more is obtained. The sublimates are then 
cleaned ofl:‘, the same fragment of substance is placed 
on one of the slips of charcoal, in a small cavity in its 
centre (as B, Fig, 26), and again gradually heated, and 
the sublimate examined as before, till finally, in the 
strongest heat, nothing more is given off. The flame 
should always bo so applied that its tip does not come 
nearer than half an inch to the assay, as long as any 
sublimate is obtained, and only in cases where nothing 
is given off, should it be brought so that the tip of the 
blue cone covers the assay. The reason for this is that 
some of the sublimates are so very susceptible of re- 
ducing action that if the flame were brought up too 
close they would be altered before they could be observed. 
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If no sublimate is obtained, either in the 0 F., or in the 
blue tip, the powdered substance should be mixed with 
its own bulk or rather more of sodium carbonate, and 
the paste heated on cliarcoal slip within the blue tip ’’ 
{Hutchmgs). 

Fig. 26 shows three charcoal slips,” the size and 
shape in which I use them ; but of course they may be 
of any shape, or of no shape at all. A is the side view 
of a new one carrying a metallic assay. C ditto ^ of one 
partly burned awa}^ at the point of an oxidating pyro- 
cone. is the view from above of an empty new one, 
with a hole bored in it by a penknife for the assa 3 ^ 
(The assays should be perfect spheres, and not oblate 
spheroids, as here shown.) 

Fig. 28 is an outline sketch of an aluminium plate 
graduated to show the dificring asceiisive force of sub- 



limates, with wadded tongs, resting on an ordinary 
4-oz. stoppered bottle. 

In case the student should be compelled or prefer 
to employ the old lumps of charcoal as a support, the 
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following remarks regarding its use are extracted from 
the latest published work on the subject — Prof. Corn- 
walPs “ Manual of Blowpipe Analysis, New York, 
1882, and exhibit some of the drawbacks alluded to : — 
‘‘ The charcoal must be well burned, compact, but not too 
hard, of light wood, bass wood, pine, alder, or willow, 
and must yield only a little greyish or white ash, since 
a coloured ash may lead to mistakes in qualitative work. 
It is cut into prisms about 90 millimetres long (1 in. = 
25*399 millimetres; therefore 1 millimetre =0'03937in.) 
and 25 square, so as to show on two opposite side faces 
the edges of the rings of annual growth, which should 
be rather close together, and the substances treated are 
to be laid on one of these faces. When both faces have 
been used, they are cleaned with a knife or rasp (a very 
dirty operation, in which hands and face- are covered, 
and lungs filled with charcoal dust), or the block may 
be sawn through lengthwise. Great care is necessary 
in using charcoal a second time, to see that no mistakes 
arise from the presence of some of the substances already 
treated. Bits of charcoal can be used, except when 
coats are to be obtained, being held by some proper 
support. Natural charcoal is by far the best for quali- 
tative work. When it cannot be had, the artificial 
coal (made of rice or starch-paste, an invention of the 
late Mr. J. Griffin, of Garrick Street) may be shaped in 
suitable moulds readily devised.^^ 

Glass Tubes as a Support for the Assay per w. 

The open- tube A (Fig. 30) and ‘^closed- tube’* 
B (Fig. 29) may be classed here, although they are, 
especially B, rather used over the flame of a spirit 
lamp, or the Bunsen (Fig. 21, b,) than as ‘‘supports” 
for assays before the blowpipe. A is made by heating 
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any point of a piece of hard, white, German-glass 
tubing, the diameter of the figure (price Is. per lb.) 
in a spirit-lamp flame, or gradually (or else it will 
break) before a blowpipe, to redness, and then, 
holding the tubing with both hands, one on each 



side of the red-hot jioint, gently bending it to the 
angle shown in the figure, and cutting a tube the 
size and shape of A off the tubing by means of a 
small file moistened with a drop of turpentine. The 
tube ” 13 (natural size) closed at top by the tip of the 
first finger, is a miniature test tube, more easily and 



Fi£r. 31. 


cheaply bought than made, except by a glass-blower 
it is sold I believe (of the best German glass) for a 
penny, and is a much more useful article than A, most 
of the results of using which are better obtained on 
aluminium plate, and, on the other hand, T3 may be used 
as a kind of open-tube by empL.ying the holder, Fig. 31, 
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the manufacture of which wull not, I am sure, present 
any difficulties to an English student. 

The assay is often required to be supported se, 
more especially in testing minerals, &c., for the 
“coloured flame,” or (Greek fire, and 
chroma^ colour) it may emit before the blowpipe, in a 
pair of forceps with platimim points made of brass or 
German silver, Fig. 32, the French pattern j which is 



tlic best, as the ends without platinum a) are more 
capable of picking up small objects than in oilier 
kinds, as Fig. 33 ; the platinum tips (d, bought by 



Fiff. 33. 


weight as usual) arc generally riveted on with small 
brass pins — a bad arrangement to my mind, as I 
find they invariably break off, after a year’s use 
or so, at these rivet holes; a better plan, I think, 
but I have not tried it, would bo to “strap” 
them firmly on with very fine platinum wire, which, 
when so thin, is cheap ; because, I imagine, on account 
of the brass rivets passing throiKjh the platinum, which 
is so constantly and suddcnlj^ heated to redness and 
even whiteness, that a kind of pyro-clectric action is 
“set up” between the two metals, and that this 
weakens the platinum and strengthens the brass. 
Thick platinum wdre, bent round the assay, as shown 
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in Figs. 84, 35, 36, may be also 
used as a se support. 

Platinum Foil is very seldom 
used now, as a per se support, but 
Prof. Cornwall sa 3 ^s : “It should 
not be too tliick, weighing about 
110 to 120 milligrammes (1 mgr. 
equals *154 gr.) per square centi- 
metre (1 in. equals 2*5 cent.), cut 
into pieces 40 millimetres (about 
I’O in.) long by 25 wide, and it 
may be held by forcing its edge 
into a piece of charcoal. Note»—^ 
Never heat a metal, metallic sul- 
Figs. 34, 35, 3(3. p}n’de, or arsenide, in contact with 

platinum.’’ — (Page 14., ‘‘Man. PL Anal.”) 

Supports for Fluxes or Beads— The Platinum - 
wire Support. 

This invention (bj^ Assessor Gahn, of Fahlun, Sweden) 
is one of the most beautiful, perfect, and important, that 
was ever contributed to Blowpipe Analysis. The thick- 
ness of wire depends ujion tlic size of bead required by 
the operator, and this again (within the limits of the 
law of gravitation), upon the “ energy ” of the pyro- 
cone emploj^ed ; for it must be evident that an ordinary 
mouth -blowpipe, though used bv ever so good a “hand,” 
will fail to produce by the heat of an oil lamp such a 
large bead, especially of boric acid, as the instrument 
shown in Fig. 21 could. After long practice and reflec- 
tion on the matter, I have come to the conclusion that 
the largest possible bead, and therefore the thickest 
possible platinum wire, is best : but instead of troubling 
my students with “millimetres” or other French 
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metrical expressions resolved into English inches, I 
have thought it the best plan to give exact pictures as 
to thickness, shape, and length of platinum wire- 
supports, Fig. 37, in which a represents the wire I use ; 
h (Fig. 38) that generally employed ; and c (Fig. 39) 


a 



that (incredible as it may seem) figured as the propel 
thing in some modern English works on cheiuistry. 

At Freiberg I purchased, in 1807, a beautifu] 
mahogany case of blowpipe apparatus for 133 thalers 
(£20), containing, among other exquisitely-finished but 
superfluous articles, a little boxwood and German silver 
handle for holding these platinum- wire supjjorts — 
‘‘ Only tliis, and nothing more.” 13ut in a case where 
compactness and portability of apparatus are among 



Fig. 40. 


the chief claims to the attention of scientific men put 
forward, as in Blowpipe Analysis, it is absolutely 
necessary to devise subordinate articles which shall 
answer at least two useful purposes, and I have therefore 
proposed as a holder, cleaner, straightener, and ring- 
maker of platinum wire, an instrument which also 
serves as a really powerful magnet, and a magnet 
is a mne qua non (Latin, ‘‘without which, not”) of a 
mineralogist’s blowpipe apparatus. This instrument 
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IS a modified jeweller’s pliers 
(Fig. 40), but made of steel 
and burnished. Fig. 41 
shows it with the logs 
closed, and Fig. 42 with 
them open. Eotli are of 
the natural size, and ex- 
hibit a semicircle at nearly 
the bottom of the right log, 
which may, or may not 
(according to the maker’s 
ability), have *25 stamped 
near, as this is the place 
where a ring *25 (or quarter) 
of an inch in diameter may 
be made upon the platinum 
wire ; which is the size of 
bead generally made by me. 
The large round legs, appa- 
rently perhaps too large, 
but not so when practically 
tested, enable the operator, 
by holding the very tip of 
a straight platinum wire 
firmly between them from 
below, at the part marked 
*25, and gently turning the 
pliers round with his right 
hand towards his left, which 
holds the wire, to make a 
good round ring like that of 
a. Fig. 37. The ordinary 
‘‘cage-maker’s pliers” (Fig. 
43) also serve this purpose 



42 (natural size). 
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excellently. They may be graduated, as shown In the 
figure. The wire is straightened and cleaned by 
squeezing and drawing it gently through the broad flat 
inside part of the legs at b ; and this process is much 



more effectual than that generally recommended by 
chemists, to dip the red-hot wdre in hydrochloric acid, 
Avhich also most certainly renders tlie wu*re brittle 
and causes it to break in ringing ’’ after a time, 
whereas this process strengthens it by a kind of weld- 



out for it, by drawing up the brass collar a Fig. 41, to 
the position shown ; by drawing it down to a, Fig. 42, 
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the legs are left wide open, and the pliers are then 
useful in the ordinary way, for taking up small articles 



or assays, &c. They are now to be utilised as a horse- 
shoe-magnet in the following manner : — Left wide open 
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and laid flat — not sideways as shown in the Figs., the 
pole of a big horseshoe-magnet (the use of which would, 
I feel sure, be allowed by any shopman possessing 
magnets) marked “ N ’Ms to be carefully and squarely 
drawn down the flat side of the leg S, Fig. 42, from A 
to S ; this is to be repeated, say, twelve times. The 
pliers are then to be turned over so that the other side 
is uppermost, and it is to be in like manner gently but 
firmly rubbed by the magnet, always in the direction 
from A to N, by the other, or S-pole of the big horse- 
shoe. An armature is supplied by simply closing the 
pliers. The end A acts as a charcoal-borer or small 
screwdriver by putting a cork over the sharp points. A 
geometrical pen ” (Fig. 44) makes a cheap and capital 
support for beads on platinum wire, &c. 

Mr. Letcher, of Truro, Cornwall, has devised a most 
ingenious telescopic stand holder for platinum wire, &c., 
and for A1 plate on a pinch, though the grasp of the 
geometrical pen is scarcely long enough for that ; but 
I have doubled this length by boring another hole for 
the screw nearly at the base of the pen “ arm.” 

Fig. 45 is a rough outline sketch of an extemporised 
gas pyrological apparatus, showing the mode of treat- 
ing the bottom only, of a bead containing the assay 
powder in the pyrocone or flame. This is essential in 
the case of unknown substances containing arsenic acid, 
&c. (see Tables VI. 3, col. 4, and VII. 3) ; otherwise, 
the platinum wire will immediately filso, and the ring 
break ofi*. When the presence of a volatile metal is 
certified, the bead is unrolled from the wire and the 
sfisay transferred to the aluminium plate. 



CHAPTER IV. 

ox A UXILIAMY AFFAHATUS. 

FuEiiiERG APPARATUS, in the profuse manner by 
wliich every one of the too-numerous articles is 
designed exclusively for its own separate use however 
trifling, and for no other, forming at last a bulky box 
which with its deal case is almost a porter’s load in 
itself, actually contains tw^o articles for merely cutting 
and trimming a lampwick; (1) a pair of common 
scissors, and (2) a steel forceps ; ” but it is evident 
that these may be usefully combined as in Figs. 46, 
47, and 48, by making or adapting a pair of ordinary 
small-size scissors, each leg of which terminates in 
a broad flat point (which can be used as a charcoal 
borer), a, Figs. 47 and 48. The wick is compressed, 
as it often requires to be, between these flat points 
at a, and cut in the ordinary scissors-part at b, 
Fig. 4u. This instrument has been made by Griffin 
and Co., and aiisw^ers very well ; it is called scissor- 
forceps. I purchased, the other day, for 2s. Gd., a pair 
of ordinary grape-scissors (Fig. 49), the upper surface 
of w’hich, a, answers capitally for compressing the wick, 
and the opposite or under surface for cutting it. 

In like manner, the heavy steel hammer, with steel 
anvil and special steel forceps, all three for simply 
crushing small fragments of minerals to powder, and 
flattening malleable assays, contained in the Freiberg 
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set and tlie English copies of it, may be usefully and 
even perfectly superseded by one little, extremely com- 



Fit;;. 48. — Koss’s {Scissor- Forceps. 


inon, and very clieap instrument, known as “ dentist' 
or crushing forceps (price Is. Gd.), the head of which 



Fig. oO. Fig. 51. 


is shown in Figs. 60 and 51. This, of course, may 
he of different shape (as, for instance, with square, 
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instead of rounded jaws) from that given in the 
figures, and yet he equally good ; the only essential 
point is that there shall be an oj^ening at a, without 
which there is less leverage, and consequently much 
less power. Figs. 52 and 53 represent the head of 
another useful and common steel forceps, called nip- 
pers, for nipping off crystals, or other desirable por- 
tions of a mineral upon which to operate. It may, 
but need not, have a little steel sj)!’! ng between the legs 
of the handle, as at a, in order to keep the knife-like 



invention, he may devise a combination of the two 
forceps (Figs. 51 and 53) in one, as Fig. 54, which is 
a modification of one of the champagne-cork extractors 
in use, with the nipping and cutting part, a, very much 
exaggerated, or rrononce, the French would say, and 
the screw-bottom, 6, sufficiently large and protruded 
to enable it to act as a light but effectual hammer, 
although a liammer is really not required in blowpipe 
apparatus. This instrument could be easily unscrewed. 
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and the legs carried separately for convenient packing. 
Fig. 55 is a cobbler^s implement, which may be used in 
the same way. 

After crushing the assay-mineral roughly with the 
forceps (Fig. 50 or 54) instead of hammering it under 
a piece of paper (when, of course, you get the addition 
of paper fragments to your assay) or between the legs 
of steel forceps upon a steel anvil, as they do at Frei- 
berg, it is necessary to reduce tlie coarse powder thus 
produced to fine dust, or using a drop of water, to paste ; 
and for this purpose b}” far the best thing is a pair oj 
polished agate slabs (Fig. 5G). 

In Freiberg they use for this 
purpose — and German dealers 
have supplied with it all the 
chemical laboratories in Eng- 
land, making thus a lucrative 
trade — an agate mortar and 
pestle, the disadvantages of 
which seem to me as follow. 

(1) They arc far more difficult to make, and proportion- 
ately expensive ; (2) After the hollow surface of tlie 
mortar becomes (as it very soon does) full of minute holes 
by grinding silicates and other hard minerals upon it, 
small poi'tions of different assays lodge in these holes, 
and get mixed together, s( that the operator is deceived 
by his assay — a very serious thing in assa^dng some of 
the rare minerals, of which only a very small quantity 
is obtainable — and it is impossible to re-polish such a 
hollow surface, except by the proper polishing machine ; 
(3) If you happen to break such a mortar in the field 
you are done for,’^ because it is impossible to work 
with halves or fragments of it, and it cannot be used 
as a flat “ slab ; (4) Such a mortar and pestle are most 



Fig. 56. 
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inconvenient to pack, except in the luxurious mahogany 
Freiberg case, in which spaces the exact shapes of them 
are cut out and lined with velvet (!) The only counter- 
balancing advantage offered by the agate mortar to 
these very serious defects is that there is less chance of 
losing in a hollow surface than from a flat one, any part 
of a powdered assaj'' ; an ‘‘ advantage ’’ wholly thrown 
away in regard to qualitative analysis (Latin qualitas, 
a quality or property), which is all we have to consider 
here. On the other hand, agate slabs may be any shape 
or size you like or can obtain, provided they have each 
one polished, plane surface. As mentioned in the intro- 
duction, I made a pair of excellent slabs by simply 
cementing or gluing a couple of old agate brooches 
(price 2d. each), into two square blocks of wood. Fig, 
56 is the sketch of a pair made for me by Griffin and 
Co., one of which has a rounded corner, at for using 
it as a kind of pestle, with very little assay powder. But 
any side of these rectangular slabs answers for grinding 
with ; and when any surface gets corroded or “holy,” it is 
only a matter of a few minutes and of sixpence expense 
to have it reground and polished. Besides these great 
advantages, agate slabs afford beautifully clean and 
smooth surfaces upon which to rest hot or wet assays 
or dry powder to be neatly taken up by a red-hot 
^^bead.” 

In order to save the agates as much as possible, and 
to retain every particle of a small, hard assay, it is very 
convenient, but by no means necessary, to have a 
closed steel mortar (invented by a German chemist 
named Abich, and therefore called “AbieVs Mor- 
tar,” see Fig. 57), of which Figs. 58, 69, and 60 
represent a modification devised by myself. The 
outer surfaces act as a little anvil, if required, and 
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it is called, in consequence. The AnmUMortcir, A b 
is a solid, hard-iron or steel square prism, of any 
size convenient to the owner, a a is a polished steel 
piston, or cylinder, passing air-tight into, and tlirough 
a circular hole or chamber, with polished sides, which 
is very correctly bored through the long axis (Latin 
axis, an axle) of the prism. Figs. 58 and 00 A ai’c a 

side view, and Figs. 59 and 

60 B a top view, of the ma- 
( chine. The piston being di 
\ \ / / vided into sections, the upper 

I \ / part, a, is withdrawn, and the 

mineral fragment or assay to 
crushed drop- \\ 

^ 7 “ \ -| 

H upon the I 8 |||Hp 

1'^^-— --■= — lower part a. 


a 18 now re- 


[ 1 ■■■■ I j placed over d 

; carrying the as- /} 

® | say, and gently 

tapped with a light hammer 
on its upper surface until 
that is level with the upper 
surface of the prism A b, which 
shows that the mineral is com- 
pletely crushed. Corundum 
(the hardest mineral in the world next to diamond) can 
be instantly crushed thus to fine powder on a Brussels 
carpet, and the powder then obtained by pushing the 
piston through, upon a clean sheet of paper. In 
Abich’s mortar, which has a closed bottom, the powder 
piust be scraped or swept out. A lens (Latin, lens, a 
lentil-bean) or magnifying-glass. Figs. 61 and 62^ is 


Fig. Gl. 
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an indispensable accessory to a blowpipe, without 
which you could not properly observe the reactions 
which have taken place in the transparent, or semi- 
transparent, bead/^ The figures show the ordinary 
watchmaker’s shape, or ‘‘ loup ” (which is by far the 
best), cut in horn, but containing two doubly-convcx 
(Latin, C07ivexuSi swelling or rounded, as the upper 
surface of an arch) lenses, which arc pieces of glass 
shaped like a lentil-bean. The prices of good lenses 
are less than they formerly were, but they are still, in 
my humble opinion, far too much. With our numerous 
and splendid glassworks, the English artisan ought cer- 
tainly to be able to buy a lentil-shaped, cut and polished 



piece of crown ” or flint ” glass this size for fid. at 
the most : he can easily use this on a pinch without any 
frame at all, but a turner ought to produce such a frame 
as Fig. 62 out of a piece of horn for, say, Gd. more. 
At all events, the Americans are now selling in London 
excellent little lenses in German-silver frames, screwing 
into a plate with white bone handle, containing also a 
needle with piece of glass for holding the ‘^object” 
(which is quite useless), all for one shilling ! I pur- 
chased two of these the other day at an American shop 
in the Strand, threw away the handle and plate of one 
and the needles and glasses for objects of both, and 
screwed together the two lenses so as to form the small 
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double-lensed hand -microscope, Fig. 63 (onc-half the 
natural size), which has cost me 2s., and is a really 
efficient little thing : French lenses of large aperture, 
with botanic stool, are now sold in the Strand for 2s. 
A charcoal saw^ made by filing teeth in a broad 4 in. 



piece of clock- spring, after allowing it to cool from red- 
heat. The ends may be rounded to form a spatula. Pres- 
sure-opening tongs for holding and taking up Berlin por- 
celain or platinum basins containing boiling water (Fig. 
64, d). These are made of a single piece of ordinary stout 
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iron wire, twisted in the manner shown in the figure, 
the elasticity of the outer sides of the handle of which, 
a a\ forms a strong spring, which exerts a pressure in 
the ringed legs c d towards each other, and thus keeps 
the tongs always closed until pressure is applied to the 
sides a a\ when the legs immediately open ; it is thus 
evident that the legs will hold anything (as a capsule 
or basin rf, or even aluminium plate) very tightly 
between their rings c dy and that, when the tongs are 
held in the fingers as shown by the dotted lines so that 
no pressure is applied to a a', a little dish of boiling 
water thus clutched may bo safely and easily taken from 
or placed over a spirit-lamp or Bun sen-burner, the dish 
being set free in its required position by pressing a a* 
towards the inner handle b. For simplicity, cheapness, 
and cleverness of construction these tongs are, in my 
opinion, unparalleled. I cannot ascertain the inventor's 
name, which I trust is English ; but it ought certainly 
to be known and recorded. I bought several pairs at a 
shop near Argy 11-place, Regent Street, for 4d. each. 
A penknife and flat file are often necessary : they 
require no description. A magnetic nccdlcy made by 
magnetizing a lady's large hair-pin as described in 
Chapter JIL, and swinging it on a silk thread : I have 
seen it turn with 2 c./c. iron in Molybdenite. 

Glass Apparatus. 

The Cohalt-solution dropping-hotllcy Fig. 65 ; but the 
best shape consists of a little pipette with bulb-handle or 
top, passed through a cork up to the bulb into any ordi- 
nary small bottle (Fig. 66). Chemists sell them, I believe, 
made of German glass, for a shilling each. The heat of 
the hand expands and drives out a portion of the air in 
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the bulb, and when the pipette is then (while the bulb is 
warm) placed in the solution, a portion 
^ 'N is drawn into the jiipette by capillary 
11 attraction,” and into the bulb with the 
I fij] returning air, and is expelled, drop by 
{.' drop, when the bulb is again wanned 

j| by the hand. The figure shows a drop 

r in the act of falling into the bottle. 

I ; l| I I Fig. 67, ^4 Spirit-lamp . — This is the 

form, made in Germany, and sold 
by London chemists for a shilling 
each. (I am in hopes that when a mil- 
lion of my artisan-countrymen take to 
Blowpipe analj^sis, all these apparatus 
will bo manufactured in England still 
more cheaply, and a great trade thereby 
obtained.) a is a brownish, unglazcd 
porcelain wick-holder, shown half the 

natural size in Fig. 68, which fits 

Fiff. Gj. loosely into, and just below, the neck 





iiij” 
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of the blown-glass bottle A ; this latter is slightly ground 
outside, so as to fit closely against the ground inner 
bottom of the glass cap h ; the tail of the plaited cotton 
wick (which should be pretty long, to suck up as much 
‘‘ spirit as possible), is left Ijung loosely at the bottom 
of the lamp, w’hich should not be filled with methylated 
alcohol above c, 

A dropping and washhig ^bottle, containing distilled 
water, Figs. 69 and 70, of exclusively German manu- 



Fig. G9. 

facture now, though invented, I believe, by an 



Englishman — Dr. W ollaston — is an indispensable 
accessory to the pyrologist who wishes to work in 
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a cleanly and correct manner. It consists, as will 
be evident from the figure, of a small globe of blown- 
glass, drawn out at one upper side into a pointed 
beak or pipette, a. Fig. 70, which has a neck 
carrying a cork and small bent-glass tube, h c, at its 
base. When required for dropping, the bottle is taken 



Tig. 71. Tig. 72. Tig. 73. Tig. 74. 

Useful hrmhes of different hinds. 


up between the thumb (underneath) and two first fingers 
(on either side of the neck), and held with the beak 
downwards, when, after a shake or two, the water 
will flow in drops only, occasioned by the partial 
admission of air through the narrow tube to take its 
place in the bottle. When required for ‘‘ washing a 
small object, the bottle is held over it.. beak down, and 
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the tube gently blown through by the mouth, when a 
minute stream of water will issue from the beak ; a 
large subject ” is washed by reversing the bottle and 
blowing through the beak, when a comparatively largo 
stream of water w’ill issue from the tube. A very good 
“ dropping-bottle’^ for cobalt solution or pure water may 
be extemporised (Latin ex^ for ; and tempuSy tonporiSy 
time) by corking an ordinary wide-mouthed bottle con- 
taining the fluid to be dropped with a cork having a 
glass tube passed through it into the solution. “ If the 
tube is closed above with the finger, and withdrawn 
together with the cork, part of the solution will remain 
in the tube, escaping by drops when the finger is with* 
drawn ” (Cornwall, “Bl. Anal.,” 1882, p. 19). 



Fig. *J\). — Capfiidtis (natural size), of platinium or aluminium, with a 
flatUmod pistol-hullet for keeping it down when acting as a cover 
for Berlin basins containing boiling solutions: Fig. 70, a Freiberg 
horn or brass capsule for transferring powders or small particles to 
vessels with contracted mouths. 



Fig. 77 . — Glass slabs for keeping oxides, on ; these have chemical 
formuhe, &c., engraved on one side, so that, when turned 

over, the letters arc correctly exhibited through the glass. 



CHAPTER V. 

02f TEE STRUCTURE ANE MAEAGEEEET OR 
RYROCONES. 

The student has now got his lamp, blower, supports, 
and auxiliary apparatus all ready; but before com- 
mencing operations it will be necessary to understand 
the nature and action of the fiery agent — the genius of 
the lamp — ^by means of which he is about to work, and 
to produce which he has taken all these pains. There is 
a great deal of truth in Griffin’s remark (at p. 40 of that 
very excellent little book “ On the Blowpipe,” published 
in 1827, which immediately succeeded that of Berzelius, 
and preceded by eight years that of Plattner, but was, 
apparently, neglected by English chemists of the day 
because it was English, and not written by a professional 
chemist) that the long ‘‘ explanations ” regarding 
flame-structure, or rather candle-flame structure, to be 
found in most blowpipe manuals, “ are very tiresome 
and very useless,” and that, ‘‘ in our opinion, correct 
notions respecting flame (Children) — such at least as 
can be got at the present time — are not, to the 
operator with the blowpipe, worth the trouble of 
acquiring.” In the transmutation or so-called ‘‘ trans- 
lation,” by J. G. Children, F.R.S., of the French 
translation of “ Berzelius,” a note extending over 
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several octavo pages of these correct notions” is 
given the unfortunate reader, in which the curious 
conclusion is eventually arrived at, that the form of 
ihe flame of a common candle for instance, is conical, 
because the greatest heat is in the centre of the explosive 
mixture ” (pp. 23-27). 

But, although a knowledge of the cause of structure 
of a candle-flame (still, by the way, an open question) 
is doubtless, as Griffin says, quite unessential to a 
knowledge of the proper use of the blowpipe, the same 
remark most certainly cannot be applied to a knowledge 
of the structure of the beautiful dark-blue cone of fire or 
pyrocone, instantly formed by the application of a 
proper blast to the side of this candle-flame ; and, 
fortunately, a few simple experiments, which can 
be made by the poorest mechanic in his garret in 
a few minutes, will place the anatomical structure 
(Greek anatome, dissection), of this pyrocone before us, 
as completely as a scalpel w^ould display the structure 
of a lobster to Prof. Huxley. All the experimenter 
wants is a mouth blower (Fig. 3), a common candle, a 
little spirit-lamp (Fig. 67), and a wundow (in daylight, 
but not sunshine). Experiment 1. Taking the lighted 
candle in his left hand, and the mouth-blower in his 
right, he holds the former steadily for a minute on a 
level rcith his eyes, in front of (looking through) the 
window ; he will thus plainly observe the heated-air, 
&c., undulations, rising like a faint waving cloud, from 
the candle-flame {a a. Fig. 78). Now, keeping the 
candle in the same position, he sends a blast w’ith 
his mouth-blower, the nozzle of which is kept in the 
position 0 , horizontally through these heated - air 
undulations, about half an inch above the point of the 
candle-flame. If he possesses ordinarily good eyesight, 
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he will now observe the shape of the blast, passing like 
a pbanfom needle (b) across these hcafccl-air undu- 
lations ; this line is evidently the space occupied by 
the minute but strong current of air from the blow- 
jjipe, in wliich the heat waves are cliecked (and tlic 
lino thus rendered visible), altlioiigli they display 
very considerable velocity considering the small source 
of heat from which they emanate. Conclusion or Fact, 
The blast from a blower has the form of a right line, 



the thickness of the diameter of the nozzle-boro. 
Experiment 2. The experimenter now advances the 
nozzle of his blowpipe carefully downwards, and 
towards the base of the right side of his candle-flume 
(still held on a level with his eyes), i)ointed just 
over the wick, as at c, Fig. 79, and pi-ojects a blast 
from his mouth. The blue pyrocone instantly produced 
from the candle, Fig. 79, is something like what ho 
sees, the heat-undulations, now invisible, taking the 
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form a a\ He can no longer, of course, see the blast, 
but sees plainly that it takes the position e h, By 
holding his candle a little lower and attempting to 
blow into the blue pyrocone (in which he can’t succeed) 
he will easily observe a dark shadow (apparently) on 
the upper surface of the pyrocone, which is, in reality, 
the mark of friction (minute waves) caused by the 
blast passing rapidly over it ; just as a sudden, strong 
gust of wind passing over a perfectly calm sea causes 
an apparent shadow on its surface. It will, indeed, be 
evident to my students after a little close reflection 
(which has apparently never been vouchsafed to this 



matter before) that, if this fact — the non-penetration 
of the pyrocone by the blast — did not occur ; in other 
words, if the blast could penetrate the flame, there 
could be no pyrocone at all ; for the blast would 
simply bore a minute hole right through or into 
the candle-flame, leaving it in its perpendicular 
position, just as it bores a hole h through the heat- 
undulations a a', Fig. 78, and as it bores a hole into 
the thinner consistence of a spirit-lamp flame. Fig. 80. 
Conclusion or Fact. The blast does not penetrate the 
flame as ordinarily supposed, but (Latin pro, 
forwards; duco, I lead), or draws forward its under 
or blue part in a conical shape. Fxperiment 3. The 
cause of this conical shape may be a 2 >parently ascer- 
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tained by a third experiment. Taking up the lighted 
spirit-lamp in his left hand, and the mouth-blower in 
his right, the experimenter now directs a blast, from 
about half an inch distance, into the thin matter 
of the right side of the spirit-flame. Fig. 80. Tlic 
of the Had is now again observed passing info, 
but not quite through, this flame, whicli has evidently 
a consistence more dense than tliat of the hcat-iiiid il- 
lations a a\ Fig. 78, but less dense than the candliv 
flame itself, which the blast cannot penetrate at all. 



Fig. 80 . — Shape of the Blast in a Spirit-lamp Flame. 


The spirit-flame density, in fact, lies between these 
two ; and, consequently, the blast-auger bores some 
distance only into this side, pushing or driving out of 
the opposite side of its viscous substance a suj^erficial 
or outside image of itself, 6, Fig. 80. 

But the strange part of the matter is, that blast 
is differently shaped from the first blast ! It consists 
of tw^o lines meeting in a point and forming a cone, 
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whereas the first blast appears as two parallel straight 
lines, forming part of a needle. Now, we know it to 
be absolutely impossible that the form, or any other 
characteristic, of this blast should have altered, the 
conditions of blowing having remained precisely the 
same. We must, therefore, look into the surroundings 
(as I did in 1874) for the cause of this change. The 
conclusion I then arrived at, which still seems to 
nae the most satisfactory one, is this ; and it is the 
only suggestion ever ofi’ered by any writer on Blowpipe 
Analysis as to the cause of the conical shape of the 
blowpipe flame/^ 

A minute but strong current of air, like that projected 
from the nozzle of a blowpipe, creates a vortex (or 
small whirlpool) in the surrounding air. This vortex, 
which is of course invisible, draws in the impenetrable 
candle-flame, blown aside down to the blue part 
Fig. 78 ; turns it wholly blue (from a cause to be here- 
after adverted to) ; and necessarily converts it to its own 
shape — that of a finely-pointed cone c d b, Fig, 70. It 
is this cone which forces its way into the comparatively 
thin spirit-lamp flame, as U Fig. 80, and the gyrations 
(Greek guros, Latin gyros, a circle) of which, being of 
the same gaseous constitution as the heat-undulations 
a a\ Fig. 78, consequently combine with them, and 
cannot be there seen. 

Now let us mark the importance of a knowledge of 
this fact in the operations of Blowpipe Analysis. Ber- 
zelius, who started the ‘‘ theory ” of “an outer and 
inner flame” in the blowpipe pyrocone — which is still, 
in spite of the incontrovertible evidence to the contrary 
supplied by the above-mentioned facts, employed as an 
“ explanation ” by writers on the Blowpipe — states 
(page 17, Whitney's translation, Boston, 1815) that 

F 
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when air is forced into the flame with the blowpipe, 
a long, narrow blue flame appears directly before tli^ 
jetr This is obviously an optical illusion caused 

by the angle of depression a i by 
Fig. 81, under which he viewed 
the matter. A triangle formed 
y between the points — the plane 
of his eyes, the plane of the jet 
of his blowpipe, and his mouth 
whence the blast was delivered, 
Fig. 81, shows this clearly, 
although the sine of the ang^.3 h 
in the natural size is of course 
proportionally greater. Had 
he held his lamp- flame and 
blowpipe in the horizontal 
plane of vision, i.e. at the level of his eyes, as required 
in experiment 2, he would have observed the appear- 
ance of the blast and pyrocone c b, Figs. 79 and 86. 
Had ho even taken advantage of the depressed angle 
in which he viewed his pyrocone, and looked strai(/ht 
down upon it from above, he would have got a sight 
which must have at once convinced a man of his 
talents that the blast did not penetrate the pyrocone. 
Fig. 82, which is, in fact, a of Fig. 79, shows 




Fig. 82.— (See also Fig. 89.) 

this ; d is the black or carbonised wick, seen through 
the hollow space formed naturally in all candle- 
flames, and shown in elevation at r/, Fig. 78; ^ is the 
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shadow-like friction caused on the surface of the pyro- 
cone by the action of the blast, as above described, 
the appearance of which has evidently led to the idea 
of an ‘‘ inner flame/' Now, it is evident that the wick 
is hero seen through the blast-space formed of a trans^ 
parent medium like air, and not through a blue hydro- 
carbonous medium like a blowpipe pyrocone, were the 
blast really, as Berzelius supposed, inside of the latter. 



Fig. S3. Fig. 84. 


All, or nearly all, rising heat radiation is also stopped 
— evidently by the superposed blast — though not in 
other directions. In order to confirm the supposed 
presence of encircling gyrations (c o' Fig. 79) sur- 
rounding the properly- made blowpipe pyrocone, an 
extremely fine platinum wire (which possesses great 
‘‘ spring '' or elasticity) is held perpendicularly to, and 
with its point touching one side of the pyrocone, w'hen 
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a series of nearly vertical ellipses are described by the 
point (Fig. 83), showing that it (the point of the wire) 
is moved by some up-and-down force like that of a nearly 
vertical vortex, c a, Fig. 79. If, on the contrary, the 
motion were merely a horizontal one, as Berzelius sup- 
posed, caused by the flame passing from right to 
left, it is evident that the point of the wire would 
describe a series of horizontal zigzags, as shown in 
Fig. 84. 

The same phenomenon can be further illustrated by 
holding a red-hot bead of phosphoric acid, or of lithium- 
carbonate, or of any volatile substance which affords a 
coloured flame as at Fig. 79, or just under the base 
of the pyrocone, when, almost instantaneously, a 
‘‘ mantle " of that coloured light extends round the 
cone from the base c a\ to the point b, enveloping the 
whole pjTocone ; whereas a straight horizontal move- 
ment would only colour the side of contact. The above 
proofs will probably appear to the analytical mind con- 
clusive as to the formation of the blowpipe pyrocone 
by the compressing effect of a vorticose envelope of 
elastic heated air ; but the following experiment seems 
to me to afford a confirmatory ‘^clincher” of that fact. 
If, as Berzelius suggested, the blast penetrated the 
pyrocone, the superposition closely over the base of the 
latter, but not touching it, of a platinum capsule C, 
Fig. 85, would and could make no difference in the 
pyrocone. But what is the result ? As soon as the 
capsule is so placed, the pyrocone is instantly lengthened 
from E to D ! Now this result could only be produced 
by squeezing an elastic gyrating envelope of this kind, 
and thus reducing its basic diameter ; for it is a well- 
known law of vorticose motion that the length of the 
cone is inversely proportional to the diameter of its 
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base ; or in other words, is directly proportional to the 
shortness of its basic diameter. A B, Fig. 85, repre- 



o 


sents the disc of a double (air and gas) pressure gauge 
or manometer (Greek vianos. rarefied, and mctroHy a mea- 


Fig. 85. — Ross’s Gas and Blast Manometer. 
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sure) ; for an exact proportion being absolutely neces- 
sary between the air-pressure (or blast) and the gas- 
pressure (or flame-bulk), in order to produce a proper 
pyrocone; a roaring noise and broken pyrocone — 
proceeding from the violent destruction of the pointed 
end of the aerial vortex — indicate excessive air-pressure, 
or, popularly speaking, that “ the blast is too strong; ” 
whilst the opposite defect — excessive gas-pressure — is 
indicated by luminosity ; the gas flame turning lumin- 
ously upwards in spite of the efibrts of the blast to 
keep it pyroconically horizontal. I thought, therefore, 
that with a supply pipe of given diameter, one end 
of the gas-tap, J3, turning off the gas, might pass 
over any determined scale (say, of pyrocone-lengths) 
on the disc, showing the required gas-pressure ; and 
the other end A, turning on the gas in order to 
meet an excessive blast, over a scale showing the 
requisite air-pressure. Such double manometers 
would apparently be useful wherever gas blowpipes 
are used, and a single disc might be attached to 
blowers for oil or candle lamps. I am afraid these 
minute controversial details may prove tedious to 
the student ; but it was nevertheless impossible for me 
to omit them, bearing as they do most essentially upon 
the proper management of the pyrocone and, therefore, 
upon the proper method of operating. It will be 
necessary now, however, to show the student how to 
use an ordinary mouth-blowpipe not provided with a 
valve, like that in Fig. 3 ; and this can apparently 
be done without using any anatomical expressions, 
such as the ^‘musculi buccinatores '' (cheek-muscles) 
of some authors (Trans. Plattner, p. 10). Get a 
lighted candle (Fig. 78) and a common mouth-blow- 
pipe ; apply the thick end, or trumpet mouthpiece, of 
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tlie latter to the nearly closed lips, and the thin end to 
one side of the candle-flame ; puff out the cheeks and 
blow through the blowpipe on the candle, breathing 
through the nose strongly and audibly all the time ; 
when the breath in the cheeks begins to be exhausted, 
pronounce the word cow in your throat without open- 
ing your mouth, by which pronunciation you will find 
your cheeks puffed out again, or, in other words, the 
cheeks replenished with breath as an air-reservoir. 

The student has now, fairly and honourably, by 
rational argument alone, arrived at the logical con- 
clusions (a) That the action of the blowpipe upon the 
flame of a candle or lamp produces, not outer and 
inner flames,** but only one solid cone of blue-fire, 
which, as it is obtained from a hydrocarbon (this word 
will be explained in another part of these ‘Wessons,** 
but all oils, candles, or coals are hydrocarbons**), must 
be composed of hydrocarbonous matter in a state of ig- 
nition ; and {b) That this hydrocarbonous pyrocone is 
closely surrounded or enveloped by gyrating, strongly- 
heated atmospheric air, which contains a gas called 
oxygen (another chemical term to be afterwards ex- 
plained). It is this “ oxygen ** that forms what chemists 
call oxides (but which I have ventured to call pyr- 
oxides^ as they are here produced by the direct action of 
fire) on the surface of solid, but also in the interior, of 
very fluid assays. Now, it is evident, from the picture 
Berzelius gives of what he calls the outer and inner 
flames,** that (betrayed by his scorn for blowing ap- 
paratus), the blast he produced from his mouth blow- 
pipe was not duly proportioned to the bulk of the flame 
he produced from his oil-lamp, or, popularly speaking, 
‘‘was not strong enough for it.** He only blew the 
flame feebly on one side, and, consequently, left what 
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he called brilliant part’^ — a part altogether dis- 
carded by later writers, as Fresenius, and Landau er, of 
Brunswick, neither of whom show any ‘'inner flames” 
in their pictures of pyrocones. 
Landauer, indeed, draws a py- 
rocone precisely as I myself 
would draw it, and even cxagge- 
'g' rates my view, by showing a 
Z too-dark shadow or “ ripple- 
3 mark ” of the blast-friction on 
^ t/ie surface of his blue pyrocone. 
I When Berzelius developed the 
g idea of the blast being inside 
p-i the pyrocone, it was, of course, 
& necessary to modify the logical 
(and true) conclusion of his 
teacher. Dr, Gahn, and of the 
celebrated chemist, Bergrnann, 
who both asserted that the in- 
, terior of the blue pyrocone is 
the proper position for holding 
an assay, if you wish to deprive 
the latter of oxygen, or to “ re- 
duce ” it, for it is obvious that, 
if it be admitted that this cone 
is filled with air by the blast, 
and, therefore, contains oxygen, 
such a position would never de- 
prive an assay of oxygen ; 
Berzelius, therefore, without a 
shadow of or attempt at reason- 
ing in support of his assertion, 
dogmatically states: “The blue flame was formerly 
regarded as the proper reducing flame ; this is, however, 
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untrue, for it is the brilliant portion of the flame which 
causes deoxidation.” 

AVhen a proper pyrocone is formed then — that is, 
when the blast is exactly proportioned to the bulk 
of flame — whether of oil, candle, or gas-lamp ; but we 
shall take the last-mentioned of these as our example at 
present — it has the shape c & h (Fig. 86), the extremely 
fine point h being enveloped in a nearly invisible pale- 
violet ellipse, d b a, oi gases containing oxygen, due, as 
I believe, to the fact mentioned by Sir John Herschel 
(‘^Meteorology,” p. G7), that “ a vorticose motion in air 
recommences when finished, in the reverse direction to 
what it had before,” the rationale (or reason) of which 
will be seen by referring to Fig. 79, ba. The fact can 
also be exemplified by sending, with a mouth-blower, 
a blast from a distance equal to the whole length of the 
first vortex, into a spirit-lamp flame, when the shape of 
a blunt inverted cone is impressed on the flame (a, Fig, 
80). It is evident, therefore, that if we hold an assay at 
by Fig. 86, it will not only be intensely heated, but 
chemically treated by dense air, which is a mechanical 
compound, containing oxygen, and by hydrogen, for the 
carbon-gas or carbon monoxide, (another \vord to be 
explained afterwards), to which the blue colour is partly 
due, must be considered to have been consumed in the 
passage from c to b. This point of the pyrocone is, 
therefore, called the oxidating or oxy dising flame — in 
brief, O.F. — by former writers ; but to suit my views, 
I have slightly altered the symbol to O.P. for “ Oxy- 
hydrogen Pyrocone.” The position just beyond a, the 
extreme point of the secondary or violet cone, a b, has 
been omitted by former writers (except Landauer, w ho 
has adopted it from me) ; but finding it to possess extra- 
ordinary oxydising properties (the hydrogen having 



74 THE BLOWPIPE IN CHEMISTRY, MINERALOGY, ETC. 


been nearly consumed), wbicli often are extremely use- 
ful, as in the case of testing sublimates deposited on 
aluminium plate, I have given it a symbol, P.P., for 
Peroxj^dising Pyrocone.” The so-called ‘^Peducing 
Flame, or R.F., is simply the gas or candle-flame 
treated with less air-pressure or a feebler blast, when, 
of course, a short vortex with large basic diameter 
is produced, but still not so feeble as that whereby 
Berzelius merely turned his “ brilliant ” lamp-flame on 
one side. This has the effect of producing a large, 
blunt pyrocone, g h, the outline in Fig. 87 , which must 



be wholly blue, without any trace of luminosity in it. 
It has been proved to be solid, and being coini)Osed of 
hydrogen and carbon, without a particle of oxygen, has 
tremendous reducing power ; a bead of glacial phos- 
phoric acid itself, carefully held tliere at y for a few 
minutes, having a white, shining, metallic-looking crust 
composed over its surface, which can be picked ofl* by for- 
ceps. Any position within this blue p3U‘oconc, thei*cfore, 
has been s3unbolised b3'’ me II.P. for ‘‘ II3' drocarbonous 
P3^rocone,’’ instead of B.F. for “Bcducing Flame”; 
because, in the first place, many eflFects besides reduc- 
tion ” — such, for instance, as colouration of beads, and 
fire-colouration — are produced by this position of the 
assay ; and, secondl3^, the action of ignited h3"drogen 
gas upon the assay, which exerts at least as much 
chemical efiect upon it as oxygen — though strangely 
omitted by all writers on Blowpipe Analysis — ^has due 
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acknowledgment in this name. Figs. 88, 89, and 90 
represent these pyrocones obtained from a Berzelius 
oil-lamp. Recapitulation . — It must be remembered, 
then, that 

Any position within the blue,'' 

as g Fig. 87, and Fig. 90 = H.P. 

„ from h to a. Fig. 86 . , . = O.P. 

and „ at or beyond 1, Fig. 88 , . = P.P. 



Pig. 90 



CHAPTEIl VI. 

ON PYEOLOGICAL EEAGENTS, 

Berzelius tells us that “Cronstedt used only three 
reagents; soda, borax, and salt of phosphorus, devised 
by himself. These reagents are still in use, and among 
the great number of those which have been tried since, 
not one has been found to replace either of these. It is 
singular enough that in the very beginning of this 
science, the very best reagents should have been hit 
upon.** Singular indeed ! But the fact is, this often- 
quoted remark is quite unworthy of the deservedly 
celebrated writer : not less on account of the utter 
disingenuousness of its premises, than by reason of the 
entire carelessness (if not worse) of its conclusions. 
For Berzelius, in charge of the archives of the Academy 
at Stockholm, knew very well that in 1737, or twenty- 
one years before Cronstedt wrote aiiythmg, Cramer at 
Leyden had described exactly what Berzelius miscalled 
Cronstedt’s Blowpipe,*' with a hollow ball in the 
centre, and had mentioned that he (Cramer) then used 
borax and soda as fluxes (Margrafi*, of Berlin, having 
described phosphor salt *’ afterwards), most certainly 
by the directions of the inventor of the chemical blow- 
pipe Von Svarbj whose writings are (as Cronstedt him- 
self mentions), also ‘‘deposited" or hidden in the 
Stockholm Academy. Yet Berzelius has the con- 
science to write, or preA^aricate, “Antony von Svarb 
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published nothing upon this subject, and It Is not known 
to what extent he carried his researches ! But Cron- 
stedt was a Swedish nobleman, whose family Berzelius 
^Melighted to honour; and Von Svarb only a com- 
mon ” miner and “ nature’s nobleman.” The student 
of Blowpipe Analysis will soon see, from what follows, 
either that Berzelius could not have tried other reagents, 
as he says he did ; or that his powers of observing and 
assimilating facts have been extremely over-rated.* 

Borax and Boric Acidt as Reagents. 

(1) Both of these (about the same price — viz., 3d. 
per ounce, borax being generally in powder, and boric 
acid in white scales ; if ready fused, which is not much 
more convenient, Is. per oz.), are treated in the same way 
on the platinum wire ring support (Fig. 37), in O.P., by 
taking up a little at a time from the agate slab with 
the red-hot ring, until a transparent colourless bead is 
produced in each case ; borax, after a little intumes- 
cence or swelling up, fuses at once ; but boric acid 
being very viscid, retains bubbles of air, steam, or other 
gases, which are with difficulty expelled ; and this fact, 
which seems merely an inconvenience to the careless 
‘‘observer,” is, in reality, of very great importance 

* It will be apparent' to any competent investigator who has the 
leisure and patience to collate the requisite works at the British 
Museum, that Berzelius only compiled or edited the first part of the 
work on the Blowpipe which bears his name ; the real author being 
undoubtedly his t<;acher, Dr. Gahn. The work was published in 1820, 
Gahn having died in 1819 ! It is now well known, also, that Gahn 
was the real (and, indeed, the admitted) author of the work on the 
Blowpipe attributed to, and appropriated by, Borgmann ; first 
published in a German translation by Baron Born, at Vienna. A irm 
history of Blowpipe Analysis would expose some very queer facts re- 
garding the scrupulosity of these and other “ celebrated chemists.’* 
Von Svarb, Gahn, Harkort, and Plattner were the only really 
original writers on the Blowpipe. 

t Introduced by the Author in 1869, 
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and value in showing the analyst, by the phenomenon 
called ** effervescence,’^ the presence of carbonic-acid 
gas (termed by chemists carbon dioxide”), and also 
of sulphuric acid (as in green vitriol ” or ‘‘ copperas ”) 
in the assay when added to the bead in powder and 
treated by O.P. .Borax in such cases and conditions 
shows nothing y but merely dissolves the added powder 
without effervescence ; nitric or hydrochloric acid would 
effervesce with a carbonate (or assay containing carbon 
dioxide), but not with a sulphate (or assay containing 
sulphuric acid) ; hence boric acid and a blowpipe in 
such cases are really invaluable, for another simple test 
soon distinguishes the two. (2) Borax being a com- 
pound of boric acid and soda, called by chemists “ an 
abnormal sodium borate” (Valentin), the beautiful green 
pyrochrome afforded by pure boric acid before the blow- 
pipe, is completely obscured and “ swallowed up ” by 
the ‘‘ stronger ” yellow, or rather orange, pyrochrome 
of sodium, which also obscures any pyrochrome of 
substances or assays added to its bead ; but this is 
not the case with regard to substances treated in boric 
acid ; some of which, as copper, modify or alter the 
green colour of its pyrochrome to a surprising extent, 
enabling themselves thus to be detected in infinitesi- 
mally minute quantities. There is no other method, 
either in the ‘Mvet” or ^‘dry” way (unless it be the 
spectroscope), which can detect with such certainty, 
such a minute trace of copper in a substance as this 
method can; w^hilst, as exactly 5 per cent, of soda 
completely obscures the green pyrochrome of an 
ordinary pure boric acid bead, and turns it yellow, 
the operator here approaches a quantitative analysis 
(Latin quantitas, quantity) as regards the amount of 
soda present. (3) Scarcely any substance except 
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platinum, and that class of metals, can be added to a 
borax bead in O.P., which is not immediately and wholly 
dissolved : if the substance be chromatic (Greek chroma^ 
colour), and afford a coloured bead, it can certainly be 
thus detected by borax ; but only at the (very serious) 
price of preventing the detection of any other oxide or 
substance present with it in the mineral or assay which 
does not thus afford a colour, or which affords a colour 
inferior in brightness or depth to the other, and is 
thus obscured or swallowed up by it. Thus, in a 
qualitative assay by the blowpipe of the common 
mineral Smaltite, which is a compound of the metals 
iron, nickel, cobalt, and a trace of copper, with arsenic, 
after the arsenic has been ‘‘ driven off by roasting, ’’ as 
much as possible, the remaining powder applied t.o 
borax before the blowpipe, affords only a blue trans- 
parent bead, hot and cold, which, even flattened on an 
aluminium plate and examined through a lens, is still 
only a blue bead. When this powder, on the contrar}^ 
is applied to a bead of boric acid under like conditions, 
the above-mentioned metals, which have now been 
changed by “roasting^' on aluminium plate, from 
‘‘arsenides^' into ‘‘ oxides, are seen to remain in the 
bead, utterly insolubley both by any further action of 
the blowpipe, and in boiling water afterwards; to be 
separated in the bead from each other as easily dis- 
tinguishable, or totally different forms ; to “ impart ” 
no ^^characteristic colour whatever “ to the mass ” or 
bead ;* and finally, to be each so acted upon whilst in 
this separate state in the bead, by O.P. or H.P., 

* In allusion to the erroneous idea entertained by some chemists, 
that — “Most metallic oxides dissolve in fused boron trioxide at a red 
heat, many of them iniparting to the mass characteristic colours ; 
hence this substance is much used in blowpipe analysis.” (It was 
nev&r used in this way before I did so.) 
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as to slightly change its appearance, and thus afford 
fresh evidence for the detection of most of these 
insoluble “borates.’’ A comparison of Figs. 91 and 
92 will render this different action of borax and boric 



Figs. 91, 92. — Analysis by Borax and Boric Acid beads. 

acid upon “oxides” added to them before the blow- 
pipe, sufficiently clear to the dullest student. 

A (Fig. 01) is a bead of borax on a platinum wire 
ring, to which a tiace of well-roasted SmaJtite powder 
lias been added in II. P. ; as colours cannot be shown 
here, the Andrew’s cross represents blue, a perpendicular 
cross re 2 )resents violet, a dot in the centre of an object 
represents brown, perj^endicular j^arallel lines (jrcen, 
and so on. B (Fig. 92) is a bead of boric acid, 
to which a trace of the same powder has been 
added under similar conditions ; both are suj^j^osed 
to be viewed through a lens. Mark the difference ! 
Instead of a jumbled solution of everything, in 
which any colours possibly given to the bead by 
other oxides are comjdetely overwhelmed in blue, the 
colour bestowed upon it by cobalt, even if the latter 
were only one- fiftieth the quantity of the others; we 
find the cobalt present simply taking its place in the 
bead with other separated borates, asoj^aque, violet balls 

G 
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(those with perpendicular crosses in B ; the balls should 
be perfect sphericles, and not as they are represented in 
the figs.) ; the trace of copper present is at once perceived 
by the brilliant blue-green, luminous pyrochrome, which 
instantaneously replaces the non-luminoiis yellow-green 
one always afforded by the bead itself, and by the one 
or two minute, black, opaque balls with coppery sufiFusion 
round them, seen in the left of B. The (generally) 
large percentage of iron is readily perceived by the pro- 
portionately numerous brown, opaque balls (those with 
a dot in th'^ centre) surrounded by a rust-like matter ; 
and finally the proportion of nickel is surmised, and its 
presence easily ascertained, by the appearance here of a 
few green fragments (seen to be definite crystals in a 
microscope), which have been turned white, with a 
metallic lustre, by H.P., excepting one on the left, 
which has happened to remain green ; it must be re- 
membered that the whole of these reactions are developed 
in one trace of the powder. Besides these indications, 
combined^ or chemical water in the mineral, is shown 
(almost quantitatively) by a gny opalescence pervading 
the whole bead ; an indication not apparently afforded 
by any other method of analysis “ wet ’’ or dry.’’ 
Whon this “combined water,” which can be proved 
to exist in every known mineral, even in the so- 
called “anhydrates” (Greek without, and liudor^ 
water) and in rock crystal, that is, “ pure ” silica, 
renders the boric acid bead so opaque that the 
contained balls and fragments, &c., cannot readily be 
perceived even through a lens, the process of “ vesi- 
culation,” — or blowing the small bead as a glass-blower 
would, into a comparatively large “ vesicle ” or bladder 
— must be resorted to ; or else the bead must be boiled 
in distilled water, and the insoluble contents treated in 
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a fresh bead — a much longer and more tedious affair. 
This process, devised by me in 1867, is very easy, and 
almost as amusing as ‘‘ blowing soap-bubbles,’’ for the 
vesicles arc extremely thin, and therefore possess the 
same iridescent colours, consequent upon light “ inter- 
ference ; ” — it would not, however, be fair to mention 
the distiriguislicd philosophers I have thus seen “ blow- 
ing bubbles ” at my house ! The operator must have a 
spare mouth-blowpipe, from which the nozzle (B, Fig. 



Fig. 93. — A Vesicle showing 16 separated Borates (natural size). 

1) has been removed, ready at his right hand ; the bead 
is taken, red-hot from O.P. by the left hand, and a 
moderate but rapid blast sent through the platinum- 
wire ring from the jet (A, Fig. 1) before it cools. Fig. 
93 (natural size) is something like the result, only very 
much larger vesicles than this will be blown, especially 
by the beginner. It will be evident from a synchro- 
nous (Greek sun, together, and chronos, time) or simul- 
taneous examination of Figs. 92 and 93, that these 
insoluble borates can be very much more easily per- 
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ceived and identified in the vesicle than in the bead. 
Vesicles are also chemically useful, as in detecting traces 
oi fluorine, and in the detection of certain gases, as 
IT 2 S., facts to be afterwards explained with reference to 
this Fig. If these separated borates (with the excep- 
tion of the chemical- water borate) are desired by the 
operator so as to be weighed separately in an “ assay 
balance,’’ all he has to do is to throw the bead, or quicker 
still, the vesicle, wire and all, into the little capsule, 
full of boiling distilled water, which ho has ready (H, 
Fig. 21). The boric-acid bead itself is rapidly thus 
dissolved, but the insoluble borates, whether in balls 
or fragments, are found at bottom of the capsule, and can 
be obtained dry by first carefully decanting a portion of 
the water, and then upsetting the capsule upon a pad of 
clean while blotting paper, whence the dried borates may 
be picked up with forceps, or brushed with a small hair 
pencil into the pan of the balance. They can also be 
obtained by decanting and adding distilled water until 
no free boric acid is left in solution, and gently evaporat- 
ing the water left in the capsule. Surely these enormous 
advantages possessed by boric acid, far more than 
counterbalance its single disadvantage of not being quite 
so easily fusible before a mouth-blowpipe as borax is ? 
As this is intended to be a complete treatise on the 
elements of blowpipe analysis I shall nevertheless, where 
such a course is useful, detail the blowpipe reactions of 
borax, &c., with minerals, selected and condensed from 
the notes of some of the best workers at Freiberg Uni- 
versity ; and it must be remembered by the student 
that he has only to add the proper proportion of soda 
before the blowpipe, in order to convert his boric-acid 
bead into a bead of borax, and thus obtain all its re- 
actions afterwards, in addition to those previously 



THE SPECTHUM LORGNETl'E. 85 

obtained, of the former. Thus, if he fuses on bead B, 
the proper amount of soda in O.P., so as to melt the 
whole of its contents together, it is obvious that he will 
obtain a simple blue bead as A. He, therefore, need not 
take borax with him on his travels, but only boric acid 
and soda separatel}^, wherewith to make borax after- 
wards, and thus obtain its colour reactions. 

The following Table, by one of our most accom- 
plished chemists, of the ‘‘bright’’ or flame-lines afforded 
by some important substances to the spectroscope, will 
be found most useful to those wlio can aflbrd to 
purchase that instrument. Fig. 94 is a “ Spectrum 
Lorgnette,” by means of which a small spectroscope 
(made by Browning of the Strand, London) may be 
attached to the head like a pair of spectacles, and the 
lines thus observed by the operator while he is pro- 
ducing them with his blowpipe. 



Fig. 94. — Ross’s Spectrum Lorgnette. 
(Introduced in 1874.) 



Table I.— Spectrum Lines of the most important Flame-cdouring Elements. 

By Prof. Sir H. Bo-scoe, F.E.S. 



; Thallium 



absorption bands in borate balls. 
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Fig. 97. 


Spectroscope Lines or “absorption bands” in Ca Borate Balls. 

Fig. 95 Didymiuro. 

,, 9G Yttrium and Erbium. 

„ 97 Uranium. 

K.B. — Lines of the Solar Spectrum arc prolonged. 


How to obtain Absorption Bands. 

Spectroscopic dark lines (Figs. 95/ 96, and 97), or 

absorption bands (so called from the supposed 
absorption of tlie Hgbt examined, leaving a shadow 
or dark hiatus in its place) are obtained as follows : 
The assay, except for Cerium, Didymiuin, and Lan- 
thanum, which themselves form clear balls in B. 
acid, is made of a calcium borate ball the size of 
a largish pin’s head, extracted from its bead by 
boiling. The ball having the substance dissolved 
in it, is taken between the points of forceps. Fig. 
40, and held there by slij^ping up the band which keeps 
tlie legs together. The forceps, having the ball between 
its legs, is placed with its hilt inserted between the 
leaves of a thick book, placed standing on an end on a 
table, with the back towards the examiner, so that the 
forceps stands upright, and with the ball, maybe slanted 
towards or from him, as may transmit the greatest 
amount of light from a window, open if possible, in front. 
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Table II.— Useful Contractions and Symbols. 


A Bead 

• 

• 

The largest amount of flux fusible on a wire 
ring of given diameter. 

A Glass 




smallest ditto, ditto, ditto. 

A 1 Plate 



For Aluminium plate. 

AI2O3 



>» 

Alumina. 

AgoS , 



>> 

Sulphide of silver. 

As^Os. • 



»» 

Arsenic acid. 

Af-^Oa • . 




White arsenic. Arsenious oxide. Sub* 
limate of arsenic. 

B. Acid 




Boric acid. 

Bd. . 




Bead. [drido.) 

B2O3 . • 




Boron trioxide. (Boric acid, or anliy- 

BaO . 



)» 

Barvta. Oxide of barium. 

Blk. Blkg . 




Black. Blackening. 

B. B. . 




Before the blowpipe. 

BeO . 



>1 

Oxide of beryllium or glucinura. 

BiaOa . 




Bismuth trioxide. 

0 



?j 

Charcoal. (0 slip = charcoal lozenge.; 

CaFa . 




Fluorspar. 

CaO . . 



tf 

liime. 

CaB 204 



ti 

Calcium borate (lime balls). 

Carb. . 



i) 

Carbonate. 

Col. , 



>> 

Colour. 

CoO . 



ti 

Oxide of cobalt. 

Cop. • 



it 

Copious. 

CO2 . 



it 

Carbon Dioxide. Carbonic acid gas. 

CuO • 



a 

Oxide of Copper (black). 

CU2O . 



it 

Suboxide of copper (red). 

c/c 



M 

Per cent. 

Darkg, 



a 

Darkening. 

Dec. . 



it 

Decomjiosed. 

Deers. 



it 

Decrepitates. 

Diss. . 



» 

Dissolves. 

DiO . 



a 

Oxide of Didymium. 

Kff. . 



y > 

Effervescence. 

Efis. . 



>» 

Effervesces. 

ErO . 



it 

Oxide of Erbium. 

E. P. (or “Mantle”) 


» 

Ellychnine pyrochrome (Greek Eleuch- 


nioriy a wick) miide by touching tlie 
Hide of the wick with the calcined assay. 
Colours the whole pyrocone. 


FeO . 


Iron monoxide. 

FG2O3 . 


Iron sesquioxide. (Ferric Oxide.) 

Frat^ts. 


Fragments. 

G.B. . 

• • >> 

Glass bulb. 

010 . 

• • > J 

Oxide of beryillium and glucinium. 

llgO . . 


lied Precipitate. 

H2O . 

• • II 

Water. 

)l*Oj. 

• • »» 

Hydroxyl, or hydrogen peroxide. 

HF . 

• • >1 

Hydrogen fluoride. Hydrofluoric acid. 

ITNOj 

• • II 

N i trie aci d. f drogen. 

HjP . 

• • »l 

11 y drogen phosphide. Phosphuretted hy - 
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H 3 N . 



. For Ammonia. 

H 2 S . 



• »i 

Hydrogen sulphide. (iSulphuretted hy- 
drogen). 

H 2 S 04 




Sulphuric acid. 

H.P. . 




llydrocarboiious pyrocoue (old R.F.), 

Ins . 




Insoluble. 

Irid. . 




Iridescent. 

KI1C()3 




l^otassium carbonate. “Potash.” 

KHSO 4 



. »> 

Acid potassium sulphate. 

U 2 O . 




Lithium oxide. Litliia. 

Maf?. . 



• >> 

Magnetic. 

Mote. 



• >» 

ISlctallic. 

MgO . 



• »> 

Magnesia. 

Mo()3 



• 

Molybdenum trioxide. IMolybdic acid. 
Neutral Sodium carbonate. “ Soda.” 

N:i..(J03 




O.P. . 




Oxyhydiogen pyroconc (old O.F.) 

Op. . 




Opaline. 

Opq. . 



• 5’ 

Opacpie. 

l).c. . 




I'vrodirome, or coloured flame. 

IM*. . 




l^eroxydising pyrocoue. (No old name ) 

P.n. acid 



• >> 

I^hosphoboric acid. 

P. acid 



. „ 

Phosphoric acid. 

P. salt 



• 

Phosphor salt. 

Proportion. 

Prop. 




Pt. wire 



» M 

Platinum wire. 

Red. . 




Reduced. 

Ii(^dh. 




Reddish. 

Said. • 




Saturated. 

SiOa . 



• >J 

Silica. Silicic acid. Quartz. 

Soln. . 




Solution. 

SO 2 • 




Sulphurous acid. (Sulphur “ FumeB.”) 

8p. gr. 




Specific gravity. 

Sul)t, . 




Sublimate. 

Suffii. 



• 

Suffusion. 

Temp. 



. 

Temporarily. 

Thr. . 




Through. 

TiOa . 



• »» 

Titanium dioxide. Titanic acid. 

Transp. 




Transparent. 

UaOs • 




Uranium trioxide. 

Vff. . 




Vanishing. 

Vol. . 




Volatilised. 

VO3 . 




Vanadium trioxide. Vanadic acid. 

Wht. . 




AVhite. 

WC)3 . 



• jy 

Tungsten trioxide. Tungstic acid. 

Yel. . 




Yellow. 

ZnO . 




Zinc oxide. 

ZrOs . 



• j> 

Zirconium tiioxide. Zirconia. 


Following is a table (HI.) to which the student 
will often have to refer, and which explains itself, of 
the reactions of pure oxides in boric acid, supposed to 
be viewed through an ordinary lens. 
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N.B.— Soft 3Iinerals, forming fragments only, should Ije fused with soda on A1 plate, and the boiled and dried i-esidue treated 

in B acid O. I’., to test for jihosphates or sulphates- 

* These, with their contractions, should be committed to menioiy by the student. + A very distinctive reaction. 
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The student, having carefully studied the preceding 
table, blowpipe in hand, with what chemically pure 
oxides he can procure, will be in a position to proceed 
to the consideration of other less important reagents. 

Addenda. — The B. Acid Vesicle (Fig. 93) if held, 
freshly made, over HgS, is immediately spotted on its 
lower surface with curious brown crystals : if held over 
ammonia, w’ith crystals of a different form, and un- 
coloured. 

Von Kobcirs test for Bismuth (see post, page 96). 
The assay is mixed with the reagent there described, 
and treated with a gentle O.P. on C slip, A1 plate. 
A beautiful brick-red coat of Bismuth iodide forms. 

Thenard and Vauquelin^s test for Phosphoric Acid 
(see post, page 97). The powdered assay is heated 
with tV inch of Mg. wire in G.B., held by the handle 
(Fig. 31). The wire ignites, forming Mg. phosphide, 
w^hich, on addition of a drop of water, evolves 1I,P., 
with its characteristic smclh 



CHAPTER VII. 

GN llEAGENTS AND SIMPLE MINERAL ANALYSES— 
GLACIAL PHOSPHORIC ACID;'* AND PHOSPHOR- 
SALT AS REAGENTS, 

Pure phosphoric acid is so deliquescent (Latin 
deliquesco, I dissolve), that is, absorbs moisture from 
air, that it cannot be moulded into blocks or shapes as 
generally supposed, so as to remain solid for any 
length of time, even in a well-stoppered bottle. What 
we in this country receive from Germany as sticks of 
glacial phosphoric-acid contains, therefore, about 
(I do not know the exact quantity) 10 per cent of soda, 
to enable the makers to “cast” it in sticks; without soda 
it is also too volatile to make a bead. The well-known 
English manufacturing chemists, Messrs. Hopkins and 
Williams, of Hatton Garden, have cleverly attempted 
to remedy this defect by manufacturing ammonium- 
phosphate, from which the ammonia might be pre- 
sumed to be volatilisable (Latin volatiliSy flying) by 
heat, leaving pure phosphoric acid behind, and they 
were so kind as to give mo a little to try with the 
blowpipe ; but I found, as Mr. W illiams pointed out, 
that a certain proportion of the ammonia cannot be 
volatilised per se^ so that it is really a matter of serious 
doubt whether in microcosmic salt (now called phos- 
phor-salt, which is a double phosphate of sodium and 
♦ Introduced by the Author in 1869. 
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ammonium), the ammonia is wholly volatilised, leaving 
sodium metaphosphate behind,’^ as chemists assert. 

But in any case, the stick ** glacial ” P. acid (the 
acid sold in blocks or masses will not do for these 
purposes), especially if the hot bead is dipped into pure 
deliquesced phosphoric acid before use, is an immense 
improvement upon P. salt as a blowpipe reagent, 
whilst fusing quite as easily B.B. on platinum wire, for 
the following reasons: (1) Instead of the eternal 
blue, hot, and cold,'^ which P. salt as well as borax 
affords with any proportion of oxide of cobalt in O.P. 
and H.P., glacial P. acid produces, with the minutest 
trace of that oxide, a faint pink colour, which is blue 
hot ; with more oxide, a magnificent red violet (quite 
equal to the beautiful aniline dye of that tint), which 
is also blue hot. Now, if my estimate of the natural 
acuteness of English artisans is correct, my pupils will 
have already surmised the advantage of using a reagent 
which, evidently, the addition of an alkali (for P. salt 
contains far more alkali than “ glacial P. acid does), 
converts from pink or red, into blue. In short, it is evi- 
dent that if you treat any mineral powder containing the 
alkalies potash, or soda, or lithia, as a constituent, in a 
thus-made pinkP. acid bead in O.P., the rapid solution 
of the alkali in the bead will turn it to a bluish 
violet, blue violet, or blue colour, on cooling ; of a 
depth or faintness of *Hone^^ proportioned exactly 
to the quantity of alkali contained in the mineral. 
In fact, this pink bead is a little alkalimeter in itself. 
(Arabic al-kali, alkali, the reverse of acid ; and Greek 
metron, a measure.) (2) The two “ earths, ’’ silica and 
zirconia, are entirely insoluble in a P. acid bead when 
treated with P.P., and nearly insoluble in O.P. of a 
hot gas lamp, especialy when the bead is dipped in pure 
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phosphoric acid, whilst every other oxide is, more or less 
rapidly, thus dissolved. So treated, it forms an ex- 
cellent reagent, not only for detecting silica in any 
combination, but for giving you some idea of the 
quantity present, after your judgment is sharpened by 
practice. P. salt is used in this way (an invention of 
Gahn) ; but is very inferior to P. acid, as the complete 
solution of any quantity of silica present in a mineral 
by the large amount of soda contained in a propor- 
tionate bead of P. salt before the blowpipe, is a mere 
question of heat or time. For instance, fine powder of 
the mineral Cyanite^ which is half silica and half 
alumina, can be completely dissolved in a bead of 
P. salt by a hot gas lamp P.P. in a few minutes, and 
by a good O.P. of a mouth-blowpipe, in a quarter of an 
hour. (3) As hot glacial P. acid eficrvesces in blood-red 
bubbles by itself , with a trace of manganese, the use of 
nitre as a separate reagent for this purpose (advised in 
all books on Blowpipe Analysis) is obviated, I get my 
glacial phosphoric acid from Wooster, chemist. Turn- 
ham -green, W. (6d. per oz,). The sticks should be 
broken up into small fragments, each the size of a pea 
or large bead (I got a confectioner to cut mine up with 
his sugar-cutters), and kept in a wide-mouthed stop- 
pered bottle for use. Soda and Potash (in reality di- 
carbonates of these metals) are indispensable as re- 
agents. Potash must be kept in a small wide-mouthed 
stoppered bottle, on account of its deliquescence. Both 
are very cheap — half an ounce of each is an ample 
quantity to obtain — and the commercial soda (sodium 
carbonate) is generally pure ; but I have purchased car- 
bonate of potash from a respectable druggist in Netting 
Hill seriously adulterated, apparently with lime ; it left 
a thick insoluble sediment in pure water. Test any 
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residue from the solution of either in distilled water, 
in boric acid O.P. Pure Lime, for detecting traces of 
alumina with boric acid, as calcium borate ; best kept 
as fragments of clean eggshells (washed with distilled 
water, but on no account with a solution of soda or 
alkali) which are to bo calcined in O.P., supported in 
Pt. tongs (Figs. 32 or 33) and powdered on the agate slab 
immediately before use. Pure Tungstic Acid, for 
detecting traces of phos23horic acid in minerals, &c. 
(sold as a yellow powder cheaply, in very small quanti- 
ties, by analytical chemists). Pure Titanic Acid, for 
detecting traces of boric acid (sold as yellowish white 
powder, cheaply, by chemists). Both of these can be 
kept in the penny corked bottles. CoRAi/r Nitrate, 
sold cheaply in pink crystals. These are to be dissolved 
in 10 parts of distilled water (by weight) and kept in 
the dropping bottle (Fig. 66) for use. The crystals 
should be carried in a well-corked or stoppered bottle. 
Potassium Bisulpiiate (hydrogen, or “acid’' potas- 
sium sulphate), 4i parts used with 1 part powdered 
fluor-spar, for detecting boric acid through the green 
p.c. evolved in O.P. by the mineral, made into a paste 
with it. Sold ch easily by all scientific chemists in 
small bottles for this and other purposes. Potassium 
Iodide and Flowers of SuLriiuii," equal volumes of 
each, well mixed; used in Von Kobell's test for detecting 
bismuth. Test Papers (should not be placed in contact). 

1. Blue Litmus, for testing acids in salts, &c., by 
turning red when moistened and applied to them. 

2. Bed Litmus, for testing alkalies in salts, &c., by 
turning blue when moistened and applied to them. 

3. Turmeric paper — yellow: turned reddish-brown 
by alkalies; a peculiar red by boric acid; and orange 
by zirconium solutions. 
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4. Brazil-wood paper — red: turned straw-yellow by 
Huorine. 

Manganese Sulphate, a cheap salt, in pink crystals, 
may also be kept for detection of baryta, &c.: to be 
used in the same manner as cobalt-solution. Magnesium 
W IRE, for detecting phosphoric acid. Indigo Solution, 
in a hollow glass prism, for detecting potash in presence 
of soda in coloured flames. 

Oxide of Copper, for detecting chlorine by the 
azure-blue, compound pyrochrorne afibrded (a discovery 
by Gahn). See Table VI., 14 — 5. 

If you fuse copper oxide with a metallic chloride on 
a B acid bead, even in O.P. it is immediately reduced to 
metal (copper) as long as the chlorine lasts ; but if you 
similarly treat a sulphate, green transparent balk (cupric 
boro-sulphate) arc formed in the bead. 

Gypsum, for detecting carbon. Heat the substance 
made into a paste with gypsum on Ag. foil (or a shil- 
ling) in O.P. If C is present, a black or brown stain 
will be left on adding water. 

Potassium Pyrotungstate, made by fusing K car- 
bonate with AVO 3 in O.P. on A1 plate, until all efter- 
vescence has ceased ; for detecting phosphoric acid in 
minerals, &c. 

Silver Foil (a clean shilling will do), for detecting 
sulphur in sulphates by the black stain the sulphurous 
substance gives it with a drop of water, after a candle 
— .1I.P. on C slip. 

N.B. — All beads are best disengaged from the pt. wire, by holding 
them perpendicularly downwards in O.P. over the A1 tray ; also by 
unrolling the wire from them, when cold, with the thumb nail. 

For the reactions of glacial pho8i>horic acid (which acts as a 
dilute acid when held in P.P.), see Table VI., column 6. 


H 



CHAPTER VIIL 

FIRST OTFRATIOKS.—ALUMINIUM’TLATE REACTIONS 
OF METALS ANE ALLOYS. 

Pyuologists can much more easily and cheaply make 
or procure specimens of pure — or approximately pure 
—metals than they can obtain pure oxides — as, for 
instance, by putting a strip of zinc in a vinegar solu- 
tion of lead, in order to obtain pure lead ; and I would, 
therefore, recommend the student to keep as nearly as 
possible a complete set of the former (except, of course, 
sodium, potassium, and such unkeepable and expensive 
metals, which, however useful elsewhere, are of little 
or no interest here) in the small glass bulbs, B, Fig. 29, 
which he will also require for analytical purposes. The 
cork must be lettered at top, or on the side, with the 
chemical s 3 ^mbol of the contained metal — as Zn for 
zinc ; Zn + Pb for an alloy of equal parts of lead and 
zinc, &c, ; and if the collector is “ a neat-minded man” 
(as most p^Tologists are), he will, doubtless, “fit up” 
an old seidlitz-powder case as a “ cabinet,'' with shelves 
made by scissors, pasteboard, and gum, forming little 
“pigeonholes," in which the labelled cork of each 
bottle, wrapped in cotton wool and stufied into the 
holes, is apparent. Any pure oxides he can afford to 
buy can be similarly labelled and kept (in rather larger 
tubes) as WOg for tungstic acid, &c. An “ ink-eraser” 
takes out these labels when fresh ones have to be writ-- 
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ten. In the Tables (III. and VI.) he has an alphabetical 
list of the reactions of pure oxides, and also of combi- 
nations in boric acid and other reagents ; and I have 
now the pleasure to insert here — the first ever given to 
students of Blowpipe Analysis — a ‘‘pictorial table,’' 
which can be consulted graphically or referentially, of 
the reactions of approximately pure metals, and some 
of their alloys, on naked aluminium plate, before the 
pyrocone of the hot-gas lamp. Fig. 21. These he had 
better go through carefully with his blowpipe and 
aluminium plate himself, if he wishes to have a thorough 
knowledge of the combined sublimates of the volatile 
metals and their alloys with which he will meet in nfter 
practice. 

Before giving a description of these cuts, however^ 
it will be necessary to enter into some detail as to the 
rationale of the aluminium plate reactions, and the best 
way of using the plate itself. The circumstances 
which led me, in 1871, to its discovery as a blowpipe 
support were detailed in a paper read before Section B 
of the British Association at York in 1881. The blow- 
pipe experiments of 1871 led me then to conclude that 
there was ample reason to doubt the received opinion 
among chemists and metallurgists that the relative 
heat-conductivity of aluminium among metals is 6, 
silver being 1 ; pure gold 2 ; refined do. 3 ; rolled 
copper 4 : cast copper 5 ; or, “ taking the mean 
conductivity of silver as 1,000, that of aluminium 
is only 605.’'* The under-mentioned writers, also, 
do not seem (or, at all events, I cannot obtain 
an account of their having seemed) to have detected 
the connection there undoubtedly is between heat- 

♦ Calvert and Johnson, Thil. Trans., 1858, p. 349 ; also 'Wiede- 
mann and Franz, 2*ogg. Annal.^ LXXXIX. 497. 
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conductivity and the fusing point in metals. When 
I found in 1871 that my “aluminium plates” resisted 
the utmost heat of the blowpipe which I was able 
to bring to bear upon them, although aluminium was 
stated to have a low fusing point among metals, I 
could not help attributing the fact, perhaps erro- 
neously, to its extraordinary power of heat-conduction^ 
which is certainly far beyond that of silver (placed first 
in the Philosophical Transactions of the Poyal Society), 
as thus expressed in my work, “ Pyrology,” 1875, p. 63. 

“Aluminium seems to possess the same immunity 
from pyrological injury which platinum has, for exactly 
opposite reasons. Platinum conducts heat so slowly 
and with such difficulty, that the Tchole of the piece of 
foil cannot be raised to the degree of heat necessary to 
insure the fusion of any point of it where the greatest 
heat is applied ; while in the case of aluminium, the 
conduction of heat is so rapid through the whole mass, 
and from it to the pliers or holder (which should also 
be made of a good conducting metal, as iron), that, in 
like manner, communication to the rcltole fragment, of 
a degree of heat sufficient for the fusion of any one 
point, cannot be concentrated on that point.” It may 
be objected to this hypothesis (Greek ^upOy beneath, and 
tithemiy to place), that bismuth and tin, the conductivity 
of which (according to Calvert and J ohnson, loc, cit.) is 
even feebler than that of platinum, have a lower fusing 
point than any other metal (Daniell and Person) ; but 
this seems to me rather a confirmation of the law, for 
it is ref:dily imaginable that, if heat-conductivity is next 
to nil (Latin contraction of nihil, nothing) in a metal 
such as bismuth, fresh accessions of heat concentrated 
upon a single point, must either fuse it instantaneously, 
or burn it slowly away like charcoal. 
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But whatever be the cause of the non-fusion of alu- 
minium before the blowpipe, there can be no possible 
doubt that the surprising results obtained from assays 
thus treated upon it, constituting its chief value as a 
blowpipe-support, although not yet quite perceived by 
some writers on the subject, are wholly due to its enormous 
powers of heat-conductivity. It seems odd, for instance, 
that Landauer, of Brunswick (or, rather, his translators), 
did not see this when they made the strange mistake 
of supposing that “ the sublimate is thicker on alumi- 
nium than on charcoal, because the first-mentioned 
support does not become so strongly heated,*' &c.,* the 
fact being, that the part of a charcoal support where 
sublimates are deposited is positive ice in comparison 
with aluminium plate when in use, the whole of which 
becomes so hot as to severely burn the fingers of the 
incautious operator (see Fig. 25, a). The best plan, 
therefore, will be to give here a correct account of the 
supposed advantages of aluminium platd as a support 
for volatile assays over charcoal, or any other ; with 
what I believe to be the rationale or reason of the same. 

1. Pure oxidation of an assay can be perfectly carried 
out on the bare plate ; whereas it is a simple impossi- 
bility on charcoal. 

2. The blowpipe treatment upon it, of such metals as 
arsenic, antimony, &c., is perfectly harmless to alu- 
minium ; whereas it instantly ruins platinum or any 
other metal. 

3- In subliming volatile metals B.B., the sublimates 
are partly blown away by the blast from the horizontal 
surface of charcoal ; whereas they are completely caught 

* Dio Beschlage setzen sich auf dor Aluminium-platte in dickeren 
JSchichten ab als auf Koblc, &c. — Die Lothrohranalyse^ Zweito Auflago, 
Berlin, 1881, p. 28. 
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by, and deposited upon, the vertical surface of tbe 
aluminium plate, which is out of the blast-direction. 

4. Charcoal being almost a non-conductor of heat, 
sublimates deposited upon its cold part are, when 
treated by O.P. or II.P., subjected to the whole heat of 
the pyrocone concentrated upon that spot, and, conse- 
quently, ally without distinction, volatilise; whereas 
the pyroconical heat is so rapidly conducted away from 
beneath sublimates deposited upon aluminium, that 
some (as arsenic) volatilise, whilst others (as antimony) 
remain ; thus constituting an extremely valuable dis- 
tinction, and, indeed, separation between the p 5 ^roxides 
of these metals. 

5. It is very often necessary to scrape off some of the 
sublimate with a penknife, in order to subject it after- 
w^ards to the additional test of some reagent (as boric 
acid) B.B. This, which is a very simple mat! er with alu- 
minium plate, the operator obtaining the purepyroxido 
thereby, is almost an impossibility in the case of char- 
coal, as what little sublimate is left, is adulterated with 
charcoal-dust (containing silica, calcium -phosphat e, 
&c.), which has a powerful reducing effect in after 
treatment. 

6. PjH’oxides or sublimates thus obtained upon alu- 
minium (as, for instance, that of lead) can be easily 
made into the best metallic paint,’' as they are 
deposited in the finest possible powder, and require no 

grinding.” 

7. The fixed sublimates from volatile metals, which 
comprise the greater number, can be oxidised, “ per- 
oxidised,” and reduced,” as often as the operator 
pleases, on aluminium plate, affording distinctive re- 
actions every time ; and, by alloying the metals with 
certain proportions of pure lead, and treating the alloy 
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in a charcoal ‘‘slip” (Fig* 26), sublimates may be 
easily obtained from the “ fixed ” metals, as gold, iron, 
cobalt, &c., and treated as above mentioned. All this 
is of course impossible with a charcoal support. 

8. Many volatile metals, as the accompanying pic- 
torial table shows, afford sublimates when treated per 
se B.B. on the bare plate, whilst others, before the 
mouth-blowpipe, will only yield a sublimate when 
treated on the C-slip (Fig. 25, B). It is evident that a 
valuable process of separation can be thus again effected, 
heretofore impossible. Constituent sublimates in alloys 
are evolved in the order of their volatility. 

9. The pyrological use of aluminium plate has 
induced the discovery of a hlack sublimate from almost 
all these (volatile) metals, heretofore undiscerned on the 
black charcoal; whilst other fixed metals, as aluminium 
itself, produce black fragments when treated B.B. in 
boric acid. It is not easy to withstand the conviction, 
therefore, that old writers had some grounds for the 
names “ semi or imperfect metals ” they applied to 
these volatile substances, the black sublimates of which 
are invariably next the assay metal itself — torn from 
its very core as it were, by the point of the pyrocone — 
and, if oxides at all, are in the lowest state of oxi- 
dation. 

10. Soda and potash, &c., when treated B.B. on bare 
A1 plate in small masses, assume the spherical shape^ 
and are quite easily detached as a ball when the plate is 
cool, instead of lying in a little pool when fluid, and 
being scareely at all detachable when cold, except by 
scraping with a penknife, as is the case with these 
reagents when fused B.B. on platinum. This is an 
immense advantage, enabling the operator to oxidise 
and reduce the reagent and its contents as though it 
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were a “ bead on pt. wire, and allowing him at once 
to dispense altogether with the use of the expensive 
“ platinum spoon/^ The rationale I believe to lie in 
the fact that, from the rapid heat-conduction of the 
supporting aluminium, the whole mass above it is 
exposed to an equal amount of heat, and consequently 
is all equally fluid at the same time, so that all its par- 
ticles or molecules are able to follow the great law of 
cohesion of liquids, by which the spherical form is 
assumed, as “ that in which the mean distance of all 
parts from the centre of a mass is the least (F. Guthrie, 
F.R.S.). In the slow-conducting platinum, on the 
contrary, the whole under part of the alkaline mass is 
comparatively cool, and the force of adhesion overcom- 
ing that of cohesion, the soda or potash is spread out as 
a little pool over that part of the platinum which had 
become red-hot. 

Explanations of Cuts In Table IV. 

A. Subliinateof Native Arsenic. — a, black, shining, 
tar-like ; h, grey, semi-metallic, with shining, minute, 
metallic balls, and iridescent streaks ; c c, dull black, 
shading ofi* to dark grey; remainder white. B. Zinc. 
— a, brown, with pale yellow border ; b, white. Bg. 
Zinc Sublimate after long II.P. — a, brownish orange ; 
b b bi lemon yellow border ; al, al, al, spots of aluminium 
plate exposed by complete volatilisation of the subli- 
mate; c, white, rounded by P.P. C. Alloy of Zinc 
AND Lead. — a, black, thin ; b, faint, iridescent. D. 
Antimony. — a, mark of O.P. on white sublimate ; i, the 
same after P.P. ; d, black sublimate ; rf, the same after 
P.P. E. Ai.loy of (A) H- (D). — Strong garlic smell 
at first in O.P. No black sublimate above ; As. quietly 





►9. Pb 
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volatilised in P.P, Remainder reacts in O.P., as in (D)* 
F. 1. Lead. — Assay becomes red-hot with pale blue, 
pyrochrome ; not quite spherical, but shining and white 
with a coat of litharge ; a, coffee-brown ; h, rich reddish 
brown ; Cy pale reddish cream-colour; next assay, grey, 
metallic, iridescent. 2. The same after P.P. ; a, bright 
brick-red (“Red Lead’’). The rest a dull brown, 
with faint white border. Gr. Alloy of (D) -f (F.) — 
Part, black, dull; part, white. H. Bismuth — a, me- 
tallic, black, iridescent ; 5, the same after O.P. ; c, faint 
dirty yellow, with minute metallic balls. J. Bismuth 
ON C.-Slip. — Assay glows brilliantly red-hot ; a, rich 
brown j^ellow ; b, lemon-yellow, shading off to white ; 
over this, a thin halo of orange. Above in P.P., d d d, 
a rich coffee-brown shading off* to (a) brown-yellow. K. 
Alloy of (D) (H). — ^Assay covered with small 

shining balls by slight O.P. ; (Bi) a, faint semi-metalHc 
white sublimate ; after strong O.P. assay grey, metallic, 
with small shining ball on top ; black, pansy-shaped 
sublimate, grey towards assay, with thin white subli- 
mate ; through lens yellow on surface. After slight 
P.P. orange and green hot; pale yellow and white 
cold ; a, black spot after O.P., showing Sb. L. Alloy 
OF (F) -f (H). — Assay briglit red-hot; not round; 
and coated with litharge. Many minute balls on sur- 
face, which seem to move out, like snails’ “ horns, 
while red-hot (Bi). 

a. Grey, semi-metallic with black border. 

b» Blackish brown, pansy-shaped, with coffee-brown 
border. 

c. Yellowish or dirty white. Above after P.P. 

b. Blackish and coffee-brown ; <?, yellowish or brown- 
ish white. Above in Il.P.y a rich velvet black, which 
turned slowly in P.P. to a dirty blackish brown ; and 
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this would not turn black again in H.P., showing that 
the black colour is not due to carbon from the pyrocone. 
M. Pure Silver (reduced from the nitrate). — a, a, 
Faint, reddish, gold-like yellow metallic halo, show- 
ing through a lens myriads of minute gold -yellow 
metallic balls, scattered by a strong P.P. two inches. 
Assay covered with a thick coating of oxide, like horn. 
On C-slip a similar result without the oxide. N. Ag 
4- Pb a. Pale, bluish-green iridescent halo. &, Pinkish, 
dirty brown ; millions of metallic balls over a and i, 
0. Ag + Sb a. Deep velvet-black pansy-shaped halo, 
which falls off in flakes when cold, shading off to me- 
tallic grej’', towards the dark grey assay ball, b. Faint 
yellowish white. The rest white, thick. This table 
should be hand-coloured by the student, according to 
the directions above given. 

The slightest trace of alloy of lead with tin may be 
detected in a few minutes on A1 plates, by keeping the 
assay (“block tin” for instance) on a C-slip, enveloped 
in a good II. P. The tin wdll not oxidise as long as it 
is covered by II. P., whilst all lead is thus rapidly 
deposited on the vertical plate-surface as a white sub- 
limate which turns brown after P.P. The moment 
H.P. is removed from the red-hot assay, it is covered 
with a thick crust of tin dioxide, and cools snow- 
white, which may be reduced to metal by adding a 
little borax, and covering the mass with a good 
blue n.P. 

If any alloy ball (as of gold with silver) be placed on. 
bare aluminium plate, and gently heated on one side for 
some time with P.P., the metal possessing the lowest fus- 
ing point will imperceptibly melt, and its molecules 
dually flow towards the source of heat^ remaining even- 
tually on that side. The Alloy (Au + Ag) will be found 
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white on that side, and yellow on the other. A kind of 
‘^parting’’ is thus eficctcd. The alloy must not be 
raised to the fusing point, but kept red-hot. 

The Table opposite (VL) should be now studied by 
first learning carefully the reactions of oxides, &c., in the 
lines from 1 to 61 ; then those afforded by supports 
and reagents in the cohmns 2 to 7. 

The more familiar the student is with these in the 
first place, the more competent will he be to proceed 
with the analysis of difficult minerals. 

No'L'e 1. In using Boric Acid, the mineral should be 
first carefully viewed under a powerful lens (as Fig. 
62), and a few filings or specks, taken off any homo- 
genous-looking part, applied to the bottom of the hot 
bead, and treated with O.P. The reactions afforded by 
these should be marked through the lens before any 
combined water has time to opalesce the bead ; also the 
p.c. of the specks, and the mncU they afford when 
beginning to decompose : if the proj)ortion of water is 
so large that opalescence has already supervened, the 
bead should be vesiculated, and the vesicle examined 
wnth the lens ; also breathed on, and re-melted in O.P. 
(for fluorine). The balls, &c., foimed are then to be 
treated (in the bead) with O.P., II.P., and P.P., and 
re-examined as before. The oftener contents are boiled 
out and treated in fresh beads the more certain the 
operator will be of their perfect separation. 

2. A1 plate reactions have disclosed the law that the 
f usibility of volatile metals is in the inverse proportion to 
their volatility. Thus arsenic wholly volatilises before 
fusing, whilst tin — the second in point of fusibility — 
affords very little sublimate, and that only upon its 
own surface; and bismuth — the first in fusibility — no 
sublimate at all on the bare plate. 



CHAPTER IX. 

ON FYROLOQICAL MINERALOGY, AND A RROFOSED 
SFECJFIC GRAVITOMETER, ETC. 

MiNERALOGiCAL SCIENCE may be (conscientiously) 
divided into two parts, which are almost separate from 
each other. Part I. treats of the geometric and optical 
properties of the beautiful and symmetrical crystalline 
forms (Greek krystallos, a crystal) we so often behold 
in underground nature — that is in collections of crys- 
talline minerals brought from mines, &c. ; and Lon- 
doners have special facilities for examining these, as 
the splendid British-Museum collection at South Ken- 
sington, under the clever and courteous superintendence 
of Mr. Lazarus Fletcher, is, I believe, the finest and 
most complete in the world; that of Vienna coming 
next. But “ geometric and optical properties of crys- 
tals ** comprise two of the most difiicult portions of the 
higher mathematics, and can only, therefore, be properly 
studied by an able mathematician ; so that the study, 
however interesting, can have no place here, although 
the simple measurement of crystalline angles may 
certainly be (and shall be here) employed. The deter- 
mined student, however, may be referred to the Mine- 
ralogy of the late Prof. W. II. Miller, of Cambridge, 
the first of English mineralogists (Longman and Co., 
1852), modestly but absurdly called by him ‘‘ Phillips’s 
Mineralogy ; ” to the capital but too brief work of 
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Prof. Nicol, of Aberdeen; and, not least, to the splendid 
American ^‘System of Mineralogy” by Prof. J. D. 
Dana, 1877. 

Part II. relates, to what has been called Determi- 
native Mineralogy;” a title which, as the word 
** determination ” in analysis is properly applied to 
quantitative results, I have ventured to alter here to 
‘‘ Pyrological Mineralogy.” It facilitates the identifi- 
cation of Minerals and ‘‘ Rocks,” so that each may be 
relegated (Latin relego^ I transfer) to its proper place 
in the ‘‘ system ” arranged for it, crystallo-graphically 
or otherwise, by Part I. ; and this work is, nowadays, 
almost universally carried out by means of the Blow- 
pipe. By adopting this system of Blowpipe Analysis, 
the student will soon see that he can perform it by 
means of the blowpipe alone : in every other system, as 
is well Imown, frequent application must be made to 
the violent fluid acids — nitric, hydrochloric, or sulphuric 
(sometimes to all three), which, as is also well known, 
are almost impossible to carry without the greatest risk 
of serious injury. Without further preface, I now beg 
to introduce to the student the following tables, which 
explain (or ought to explain) hemselves, and he will 
have to study them carefully, especially VII. and IX., 
before beginning Chapter X., in which we commence 
our Actual Work. 

The next Table (VIL) will be found useful in 
guiding the analyst to the proper treatment of the 
substance he is going* to examine. It requires no 
explanation, but the neglect of employing its assistance 
in the first place, will probably entail a loss of both 
time and patience. 
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Table VIII —Fractions and Percentages. 

(For approximating* quantitative reactions.) 


Per 


Total 

Per 

Total 

oeut. 


composition. 

cent. 

composition. 

8 equal to aLout l-12th 

44 equal to about 4-9ths 

9 n 


1-llth 

45 

6-1 Itha 

10 „ 


1-lOth 

50 

l-2iid 

11 n 


l-9th 

64 

G-llths 

12 „ 


l-8th 

66 „ 

4-7th8 

14 „ 


l-7Lh 

60 

3- 5th a 

17 „ 


l-6th 

66 „ 

2-3rd8 

20 „ 


l-5th 

70 „ 

5-7th3 

25 „ 


l-4th 

It) ,, 

3-4th8 

28 „ 


2-7th3 

80 ,, 

4-5th3 

33 „ 


l-3rd 

84 

C-7th5 

36 „ 


3-8th8 

85 ,, 

S-Gths 

40 „ 


2-5tha 

90 „ 

O-lOLhs 

<2 »> 


3-7tha 





Per cent. 


Percent, 

l-2nd 

about 50 

7-8ths 

about 87 

l-3rd 


33 

2-9th3 

,, 22 

l-4th 

) ) 

25 

4-9th8 

,) 44 

l-oth 

9 9 

20 

5-9 iLs 

,, 55 

1-Cth 

99 

17 

7-9th8 

,, 77 

l-7th 

99 

14 

8-9ths 

„ 88 

l-8lh 

99 

12 

3-lOths 

,, 30 

l-9lh 

99 

IL 

7-lOtha 

„ 70 

l-lOth 

9 9 

10 

9-lOths 

,, 90 

1-llth 

99 

9 

2-llth3 

„ 18 

1-1 2th 

J 9 

8 

3-lllhs 

„ 27 

2-3r(ls 

9 9 

GO 

4-llth8 

„ 36 

2-4ih8 

9 9 

75 

5-1 libs 

,, 45 

2-51118 

99 

40 

G-llths 

,) '^4 

3- 5th 8 

99 

60 

7-lllhs 

,, G3 

4-5tlis 

9 9 

80 

8-llths 

„ 72 

5-6tli8 


85 

9-llth8 

„ 81 

2-7lh8 


28 

10-1 Itha 

„ 90 

3-7tli8 


43 

5- 12th a 

„ 46 

4-7th3 

99 

56 

7-r2th8 

,, 56 

6-7tha 

99 

70 

9-12th8 

„ 72 

6-7tha 

99 

84 

11-12Mi3 

„ 92 

3-8ths 

99 

3G 

1-1 'th 

i> 7 

6-Sths 

99 

60 




♦ Latin ad^ to, and proximuSy nea tC'ii. 
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Table lX.-Of Assay Squares. (Fig. IIS.) 

(For a])proxiinaling quantitative reactions.) 

In order to use this table (sec also the previous one), 
the student should cover square (2) with a thin slice of 
unclouded agate, or, if that cannot be obtained, with a 
piece of glass. He should then cover the square (seen 
through the transparent medium) with the fine powder 



Fig. ii;j 


of any pure oxide, say silica, and pack it down with a 
fine steel spatula ^a piece of flat watch-spring answers 
admirably), so thuu all inner lines are jii^t not visible, 
but there should be no greater depth of powder than 
this. He then takes up the Avhole of the powder by 
degrees, with a hot bead of boric acid on pt. wire, and, 
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after treating with O.P. and flattening the hot head 
by firmly pressing it on an aluminium plate with the 
fore-finger in a platinum capsule lined with moist cha- 
mois leather, he observes through a lens how largo this 
quantity thus appears in the fiat bead. He should then 
try another oxide, say alumina, in the same way, and 
observe the difierenco in appearance of several frac- 
tional parts of the square of powder. After going 
through as many as he can of the pure oxides in this 
maimer, he should place the flattened transparent bead 
over the square corresponding to the supposed character 
of the mineral to be analyzed ; minerals with few con- 
stituents correspond to squares with few divisions, e.g. 
(Latin exempli gratia^ for example), suppose the mineral 
to be analyzed, be thoroughly-roasted rich Smaltite. 
Tlie operator observes that black opaque balls which 
turn violet after H.P., represent a part of tlie original 
powder which would have covered one of the spaces of 
square (6) : he thus knows that about one-sixth of this 
mineral consists of cobalt. In like manner he finds an 
amount of green fragments, which assume a white 
metallic lustre after II.P. representing a portion of the 
powder, which would have only filled one of the spaces 
of square (8), and considers about one-eighth of this 
mineral to be nickel. Again he finds so few brown- 
black opaque balls present, that the proportion of powder 
they represent would not have even half covered one 
of the spaces of square (12), and so enters “ very little 
iron in his notes. Opacity in the bead is remedied by 
boiling, &c., as directed at page 84. All proportions 
below one-twelfth are to be entered as ''little;’^ all 
below one-thirty-third (or about 3 per cent.) as “ very 
little all below I’O per cent, as a trace/* 
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A Proposed Specific Gravitometer. 

Every schoolboy knows the story of how Archi- 
medes discovered the fraud of brass in King Hiero^s 

golden crown, by the deficient specific gravity of 
the alloy, through the proportional displacement of 
water ; but few mineralogists seem to have considered 
if the modern expensive and elaborate modifica- 
tion of this method (weighing the substance hanging 
at the bottom of an assay-balance pan in water) may 
not be again modified by a more simple, cheap, and 
portable, if less mathematically correct instrument, 
for the benefit of travellers, and thousands of others, to 
whom an assay-balance ” is all but an impossibility, 
and who, therefore, often, nowadays, solve this 
important question by carefully poising the sub- 
stance in the right hand ! 

The accompaiijdng drawings and references will 
perhaps be sufficient for purposes of explanation ; 
but tlie way to determine the gradations of the scale 
on tube d is by first noting (with a file on the tube) 
the quantity of water displaced by the fall of the 
empty box a ; then filling it with pure platinum 
filings, and marking this displacement of water as 22, 
commencing from the notch above made ; because 
22 is the specific gravity of pure platinum (‘‘Dcs- 
chanol,’’ p. 86). The maker then similarly drops the 
box a filled with pure gold filings, and marks the point 
of its displacement 19*6, because this is the specific 
gravity of pure gold. The space between these two 
last points is, of course, to be graduated 2*4 de- 
grees ; ” and this will give the dimensions of the 
degrees for the rest of the tube upwards. The length 
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of the box a is determined by the convenience to the 
maker of the point 22. If he requires 22 to be Xiery 
low down on the tube, a must be a long box, and 
vice versd. Of course, if necessary, the box can be 
withdrawn by a silk thread attached to the top. 

It may be objected that this method does not show 
the actual displacement of water, inasmuch as the sub- 
stance does not take the place of the water— 2 .^. is not 
actually immersed in it ; but that does not matter to 
the operator, as long as the correctness of his scale of 
specific weights is certified (as it, of course, will be 
here) by two standards of pure substances — platinum 
and gold — and the displacement points of these two 
ought not to be marked except as the result of many 
careful experiments. 

Table X.— The Paragenesis* of some Ores. 

(Compiled from Von Cotta’s “ Lehre von den Erzlagerstatten.**) 

Cassiterite (Kassitcr'ite) is often associated 'with 1, Quartz ; 2, Schorl ; 

3, Chlorite (Klo'rite) ; 4, Mispickel ; 6, P}Tite ; 6, Blende. 
Chalcopyrite (Kalkopy'rite) is often associated with 1, Quartz; 2. 

Fluor-spar ; 3, Galena ; 4, Blende ; 6, Chalyhite (Kaly'bite) ; 6. 
Dolomite ; 7. Pyrite. 

Cuprite (Kup'rite) is often associated with 1, Quartz; 2, Native 
Copper ; 3, Malachite ; 4, Chessylite (ch soft, as in “ cheese ”). 
Fluor-spar is often associated with 1, Quartz ; 2, Wolframite ; 3, 
Chlorite; 4, Orthoclasc; 6, Chalyhite; 6, Cimlcoi)yrite. 

Galena is often associated wdth 1, Quartz ; 2, Pyrite ; 3, Chalcopyrite; 

4, Blende. 

Gold is often associated with 1, Quartz; 2, Tellurium; 3, Pyrite. 
Pyrite is often associated with 1, Quartz ; 2, Cassiterite ; 3, Chal- 
copyrite ; 4, Galena; 6, Fluor-spar; 6, Mispickol; 7, Limonite. 
Quartz is often associated with 1, Orlhoclase ; 2, Mica , 3, Schorl ; 4, 
Chlorite ; 5, Chalyhite ; 6, Calcitc ; 7, Dolomite ; 8, Baryta ; 9, 
Fluor-spar; 10, Cassiterite; 11, Pyrite; 12, Chalcopyrite; 13, 
Limonite ; 14, Wolframite ; 16, Cuprite ; 16, Galena ; 17, Blende ; 
18, Bourn onite; 19, Native Gold; 20, Native Copper. 

Serpentine is often associated with 1, Steatite; 2, Diallage; 3, 
Asbestus; 4, Copper; 6, Chrysocolla. 

N.B. — The numbers, of course, refer to the frequency of association, 
1 being most frequent. 

♦ Greek para^ near, and genesis^ formation. 
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Table XI. — Geological Subformations with the 
containing Systems. 

(Compiled chiefly from Lyell and Penning.) 

SUBFOIIMATION. SYSTEM. 

1. Alum scliisla of Sweden and Norway , Cam'brifin (upper) 

2. Albicn Cretaceous (up. div.) 

3. Ashdown sand : "Wealden . . . Ditto 

4. Ancient Nile-mud forming river terraces Pleistocene 

6. Argile de Londres (near Dunkirk) . • Eocene (lower) 

6. Argile plastique . . . • • Ditto 

7. Aptien •.••••• Cretaceous 

8. Aymestry beds Silurian 

9. Bala beds ...... Ditto (lower) 

10. Basin (Maycnce and Vienna) . , . !RTioc(3no (lower & ip.) 

11. Do. (Paris) Eocene (upper) 

12. Bembridge series ..... Eocene 

13. Bagshot and Bracklesham beds . • Ditto 

14. Bath Oolite Jurassic 

15. Blackdown beds ..... Cretaceous (upper) 

16. Bolderberg beds of Belgium . . . Miocene (upper) 

17. Bone bed Silurian (upper) 

18. Bovc^ Tracey plant beds ... Miocene 

19. Breccias, Australian Cave . . . Pleistocene 

20. Do. Penrith and Dumfriesshire • . Permian 

21. Bunter sandstone of Lancashire and 

Cheshire Trias (middle) 

22. Do. of Germany Ditto (lower) 

23. Bridlington Beds, Marine Arctic fauna . Pliocene (newer) 

24. Caradoc beds Silurian (lower) 

25. Calcairo grossier ..... Eocene (middle) 

26. Do. silicieux Ditto (upi'cr) 

27. Claiborne beds of United States • . Ditto (middle) 

28. Chalk Marl Cretact ous 

29. Do. Maestricht . . . • • Ditto 

30. Do. (mid.) (low) (up. with flints) • • Ditto 

31. Do. Eaxoe Ditto (upper) 

32. Calcareous Sicilian strata • • • Pliocene (newer) 

33. Clay Atherfield ..... Cretaceous 

34. Do. Alum Bay and Bournemouth . • Eocene (upper) 

35. Do. Aix-la-Chapello .... Cretaceous (upper) 

36. Do. Barton Eocene 

37. Do. Bovey Tracey .... Miocene (upper) 

38. Do. Bradford Jurassic 

39. Do. Kimineridgo Oolite (upper) 

40. Do. London Eocene (middle) 

41. Do. Lower Gault Cretaceous 

42. Do. Oxford ••••.. Jurassic (m. oolite) 
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subfoumation. system. 

43. Clay Speeton, of Flaml)oro* Ilead . Cretaceous (lower) 

44. Do. Weald of Surrey, Kent, and Sussex Ditto 

45. ChiJlesford beds, chiefly Arctic . . Pliocene (newer) 

46. Coalfield of Richmond, Virginia . . Trias (upper) 

47. Do. North Carolina .... Ditto 

48. Do. South Wales with underclays . Carboniferous (upper) 

49. Do. North and Central England . . Ditto 

60. Do. Kilkenny, Ireland .... Ditto 

61. Do. Saarbruck Ditto 

62. Do. Pennsylvania Ditto 

63. Do. strata of South Joggins, Nova Scotia Ditto 

64. Do. slate of Ireland .... Ditto (lower) 

65. Do. limestones and sandstones of Scot- 

land Ditto 

66. Conglomerate of North Germany . . Cretaceous (lower) 

67. Do. Dolomitic of Bristol . . . Trias (upper) 

68. Coral rag Jurassic 

68A.Corallieii * Ditto 

69. Coralline crag Pliocene (older) 

GO. Combrash Oolite (middle) 

61. Cypridinon — Schiefer and Clymenien- 

kalk, Rhenish provinces . . . Devonian (upper) 

62. Douriton sandstone or bone bed . . Silurian 

63. Danian or Maestri cht chalk . . . Cretaceous 

64. Dordogne caves of Reindeer period . Pleistocene 

65. Drift, Salisbury, with bones of Mam- 

t). moth, &c Recent 

6/1>6. Dolomitic limestone .... Permian 

68. \ Devonianrocks — lower, middle, and upper Devonian 

69. EErratics of Pagham and Selsea Bill . Recent (Post Tert.) 

70. Fla^Jth, Fuller’s, of Bath .... Oolite (lower) 

71. Do. i?8, Arenig Cambrian 

72. Do. LiLingula Ditto 

73. Faluns ot ndeilo Ditto 

74. Do. BordeaTouraine .... Miocene (upper) 

76. Freshwater stux Ditto 

bones of of Germany (France, 

76. Faxoe chalk . 'thecus ) .... Ditto 

77. Gault (lower and upp .... Cretaceous (upper) 

78. Greensand upper (“Fi 'er) . . . Cretaceous 

79. Gannister beds . ^^-festone” of Surrey) Ditto 

80. Gypsum of MonC^^^t .... Carboniferous 

81. Gr6s de Beaucha. tmartre .... Eocene (upper) 

82. Grit OboluB (of Rjnp . • • . ^ Ditto 

83. Do. Millstone ‘jssia) . - . . Silurian (lower) 

84. Do. Harlech Carboniferous 

86. Gneiss fundamental of the Heu*. ^ . . Cambrian (upper) 

86. Do. and Quartzite containing ? . Ditto (lower) 

CanadmBe 'on 

87. Harlech beds •••••. OLaurentian (lower) 

nbiian 
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8UBFORMATION. SYSTEM. 

88. Headonbeds Eocene 

89. Hempstead beds Miocene (lower) 

90. Hallstadt beds (marine fauna, N.W. Ger- 

many) Trias (upper) 

91. Huronian Series (Canada) • . . Cambrian (lower) 

92. Ilfracombe beds Devonian (upper) 

93. Kleynspawen beds (Belgium) . . . Miocene (lower) 

94. Kellowayrock Jurassic 

95. Keuper sandstone Ditto 

96. Do. beds of Germany .... Trias (upper) 

97. Kiipfer schiefer Permian 

98. Kalk Planer (Saxony) .... Cretaceous (upper) 

99. Lacustrine beds of Auvergne . • . Miocene 

100. Do. mud (Swiss lake dwellings) . . Recent 

101. Do. strata of Upper Val d’Anio (Italy) Pliocene (newer) 

102. Loess of tbe Rhine Pleistocene 

103. Loam and Breccia of Liege caverns . Ditto 

104. Leaf bed and land shells of Madeira . Pliocene (newer) 

105. Limestone, Aymestry .... Silurian 

106. Do. mountain (sub-carbon) • • . Carboniferous 

107. Do. hippurite Cretaceous (upper) 

108. Do. magnesian (Zechstein) . • . Permian 

109. Do. Wenlock Silurian 

110. Do. and volcanic tuff of Madeira • . Miocene (upper^ 

111. Do. Miliolitic of France . . . Eocene (middle) 

112. Do. Nerinoean of the Jura . . . Oolite (middle) 

113. Do. Torquay (with numerous corals) . Devonian (upper) 

114. Do. Eifel (with underlying schists, Ger- 

many) Ditto 

115. Do. with sandstones of Russia • . Ditto 

116. Do. Woolhope Ditto (lower) 

117. Do. Niagara Silurian (upper) 

118. Do. Trenton (N. America) • • . Ditto (lower) 

119. Do. Pisoltio of France . • • . Cretaceous 

120. Llandovery beds (lower). • • . Cambrian 

121. Do. (upper) Silurian 

122. Lias (lower and upper) • • • . Jurassic 

123. Ludlow beds Silurian (upper) 

124. Lignites and clays of Bovey Tracey 

(Devonshire) ..... Miocene (lower) 

126. Do. beds of Cadibona (Italy) . . . Ditto 

126. Marine strata of I’uzzuoli (Temple of 

Serapis) Recent 

127. Magnesian limestone of Russia, &c. . Permian 

128. Marble (forest) Jurassic 

129. Marls (sub-apennine) • . • . Pliocene (older) 

130. Do. (Keuper) Triassic 

131. Do. slate Permian 

132. Do.*” chalk Cretaceous 

133. Marlstone Jura^io 

134. Mayhill sandstone • • • • . Siluiian 
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BUBFORMATION. SYSTEM. 

136. Mudstones ..*••• Silurian 

136. Millstone grit Carboniferous (upper) 

137. Menevian beds . . . • • Cambrian 

138. Muschelkalk Triassio 

139. Molasse (Maxine, of Switzerland) • . Miocene (upper) 

140. Marine strata of the Atlantic border, U.S. Ditto 

141. Mayence basin Ditto (low. & up.) 

142. Maestricht beds ..... Cretaceous (upper) 

143. Mames d gryphecs . . . . Oolite (upper) 

144. Marl elate oi Durham and Yorkshire • Permian 

146. Mergel (or Kiipfer) scheifer . . . Ditto 

146. Nebraska beds, U.S IMiocene (lower) 

147. Ncocomian of Neufchatel, &c. . . Cretaceous (lower) 

148. Nummulitio formation of Europe, Asia, 

&c Eocene (lower) 

148A.Norwich crag . . . . . Pliocene 

149. Nerincean limestone of the Jura (oolitic) Jurassic 

160. Old red sandstone (lower, middle, upper) Devonian 

161. Oolite (lower, middle, upper) . . Jurassic 

162. Osborne series Eocene (upper) 

153. CEnninghen beds (Switzerland) • • Miocene (upper 

154. Portland beds. • i. . . .Jurassic 

166. Purbeck beds (lower, middle, upx)cr) . Ditto 

166. Paris basin ...... Eocene (upper) 

167. Punfield marine beds . • • . Cretaceous (lower) 

168. Pikermi deposit (Athens) • • . Miocene (upper) 

169. Red crag of Suffolk .... Pliocene (older) 

160. Rupclmonde beds (of Belgium) . . Miocene (lower) 

161. Radaboj beds (Croatia) .... Ditto 

162. Reading series, or Woolwich beds, or 

Thanet Sands Eocene (lower) 

163. Rag, coral, of Berks, Wilts, and Yorkshire Jurassic 

164. Rhoetic beds (Bavarian Alps) . , . Tiiassio 

165. Rock, Kelloway, of WUts and York- 

shire Jurassic 

166. Roth Liegendes (Thuringia) . . . Permian 

167. Rocks, hypersthene, of Skj^e . . . Laurentian (upper) 

168. Sandstone, new red (Bunttx, Germany, 

Lancashire and Cheshire) . • . Triassic 

169. Do. Mayhill Silurian (upper) 

170. Do. old red Devonian 

171. Do. Rothliegendo (lower, uj)j)er) . , Permian 

172. Do. Douriton Silurian (upper) 

173. Sands, Thanet • • • • . Eocene (lower) 

174. Do. Bagshot Eocene 

175. Slate (lower) limestone .... Carboniferous 

176. Do. Marl (Kiipfer schiefer) • • . Permian 

177. Shale, Wenlock Silurian (upper) 

178. Do. Woolhope Ditto 

179. Do. limestone (lower) • • • • Carboniferous 

180. Slates Skiddaw • • • • . Cambrian 
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SUBPORMATIOir. BYBTEM. 

181. Slates, Tremadoo Cambrian 

182. Senonien ..•••• Crotaceous 

183. Sub-apennine marls and sands • • Pliocene (older) 

184. Superffa beds (near Turin) Miocene (upper) 

185. Siwal^ strata (India) . . . Ditto 

186. Specton clay of Flamborougb Head Cretaceous (lower) 

187. Saarbruck coalfield. . . . Carboniferous (ujjpcr) 

188. St. Helen’s (Osborne) series Eocene (upper) 

189. Sable Moyen (sands and marls, Parit 

basin) •••.«. Ditto 

190. Soissonnais sands • • • • . Miocene (middle) 

191. Sable de Fracheux Eocene (lower) 

192. Sands and clays of Aix-la-Chapelle . Cretaceous (upper) 

193. Do. of Folkstone, Sandgate, Hyilic, and 

I. of Wight ..... Ditto (lower) 

194. Do. Tealby Ditto 

195. Do. Hastings Ditto 

196. Do. Poriland Jurassic 

197. Do. Ashdown (Wealden) . . . Cretaceous 

198. Do. sub-apennine Pliocene (older) 

199. Sandstone of Penrith and Dumfries . Permian (lower) 

200. Do. of Connecticut (footprints of birds, 

&c.) Trias (lower) 

201. Do. of Dura Dean (Fif('shire) . . Devonian (ux>per) 

202. Do. of Forfarshire and Perthshire • Ditto 

203. Do. Pilton of N. Devon • . • Ditto 

204. Do. Petherwyn, Cornwall . • . Ditto 

205. Do. of Russia Ditto (middle) 

206. Do. (lower) of Forfarshire . . . Ditto (lower) 

207. Do. of Western Canada and New York 

(Oriskang) Ditto 

208. Do. of Gaspe, Eastern Canada • . Ditto 

209. Do. Downton ..... Silurian (upper) 

210. Do. Potsdam, Canada, and II. S. . . Cambrian (upper) 

211. Do. Fucoidal, of Sweden . . . Ditto (lower) 

212. Stone, Portland ..... Jurassic 

213. Do. lithographic of Solenhofen . . Ditto 

214. Slate, Stoncsfield ..... Ditto 

215. Do. Llanberis ..... Cambrian (lower) 

216. Shales, red, of Cheshire and Lancashire, 

•with rock salt Trias (upper) 

217. Schists, bituminous, of Gamrio, Caithness, 

&c Devonian (middle) 

218. Do. Eifel (Germany, calceola-schicfer) . Ditto 

219. Stones, paving (Arbroath) • , , Ditto (lower) 

220. Shales, Taraniion (Wales) • . , Silurian (upper) 

221. Slates (lower) Llandovery . . . Ditto 

222. Schists, alum, of Sweden and Norway . Cambrian (upper) 

223. St. Cassian or Hallstadt beds . . . Trias (upper) 

224. Tarannon shales (Wales) . . . Silurian (upper) 

225. Tufaceous strata of Sicily • • . I’liocone (newer) 
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BUBPORMATION, 

226. Tuff, volcanic, of Madeira • • 

227. Tongrian beds of Belgium 

228. Travertin Inferiour . . . . 

229. Thanet sands, or Woolwich beds . 

230. Tealby scries of Lincolnshire (Neoc. ]M.) , 

531. Turonien middle challv . . . . 

232. Touraine Faluns 

233. Woolwich bods, or Thanet sands . 

23 f. Wealden beds of Hanover, Surrey, Kent, 
Sussex, &c. 

235. White chalks of France, Sweden, and 

Itussia 

236. Do. witli flints (upper), without flints 

(lower) British 

237. Woolhope limestone and grit (N. and S. 

Wal(^s) 

238. Wenlock limestone and shales (N. and S. 

Wales) 

239. White crag (coralline crag) . 

240. Yoredale series of Yorkshire . 

241. Zechstein 


SYSTEM. 

Miocene (upper) 

Ditto (lower) 
Eocene (upper) 

Ditto (lo\N er) 
Cretaceous (lov er) 
Cretaceous 
Miocene (upper) 
Eocene (lower) 

Cretaceous (lower) 

Ditto (upper) 

Ditto 

Silurian (upi^cr) 

Ditto 

Pliocene (older) 
Carbordferous (upper) 
Permian 


N.B. — The above numbers prefixed to a mineral indicate the sub- 
formations in which it is most commonly found. 


Table XII.— Characteristic Fossil Species in 
Principal Geological Subformations. 

(Compiled chiefly from Penning and Lyell.) 

The following table is intended to supply an additional 
aid in the mineralogical use of Table XI., and thus 
to assist the geologist in the pyrological as well as 
the palaiontological determination of “ horizons '' or 
zones.’^ An illustration of this purpose will be best 
afforded in the words of Professor H. A. Nicholson 
(Nicholson's Palaeontology," vol. i. p. 37, last edition) ; 
‘‘We often meet with cases in which a formation, even 
if essentially homogeneous in its mineral nature, can be 
divided into ZoncBy each of which is characterized by 
the possession of special groups of fossils. The most 
celebrated of such cases is that afforded by the Lias* 
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This great and essentially argillaceous formation can 
be divided into a number of zones, each of which is 
characterized by possessing some special fossils, and 
particularly by some special ammonite. These zones 
are extremely constant, and they are traceable wherever 
the formation is fully developed and has been fully 
examined in Europe, so that they enable us to effect a 
division of the formation into special horizons which 
have no strati graphical existence, and are not sepa- 
rated b}^ any physical break The principal 

difficulty that we have to confront in dealing with these 
^zones' is to produce any plausible explanation ac- 
counting for the destruction of the special life-forms of 
the one zone and the appearance of those of the next 
zone.^’ 

Now it seems to me that the delicate pyrochemical 
analysis of the mineral matter of such ^^zones,^^ possible 
by the blowpipe, would, perha23s, in some measure, 
solve this difficulty (and probably some others) of 
geologists and pala)ontologists, and show that there is 
a ‘‘physical break’’ of matter corresponding to the 
fossil demarcations, and that the formation in reality 
is not “ essentially homogeneous.” The j^refixed num- 
bers of course corres^iond to those of Table XI. 


9. 24. Asaphus Towisii — Echinosphaerites Baltic us — Holopca Concirma 
— IllaBnus Bowmanni — Lcptaiiia St-ricca — Lituites Cornu-ariciiis — 
Orthis VcHpcrtilio — Orihis Elabellulum — Pliacops Apiculatus — 
Trinculeus Goiicentricus. 

12. 152. Buliiims Ellipticus — Chara Tiibcrculata — Melania Turritis- 
Bima — Melanopsis Caiinata — Paludiiia Lenta — Planoibis Discus. 

17. 172. Auchenaspis Salteri — Atrypa Reticularis — Cephalaspis Mur- 
chisoni — Calymene Blamenbachii— Chonetes Striatella (lata) — 
Eavosites Gothlandica — Heliolites InUrsLiucta — Linj^lula Cornea 
— Onclms Tennistriatus — Orthis Elcgantula (lunata) — Phacops 
Caudata — Proetus Latifrons — Platychistna Ilelicoides — Pteraspis 
Banksii — Pterygotus Ludensis — Rhy nconella W ilsoni — Stro- 
phomena Euglypha — Strophomena Deprossa. 

J3. Cardita Planicosta — Ceritbeum Gigaiileum— Conus Dep(rditufl — 
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Litharea WebBteri — Nummulites Lfievigata—Turritella Imbri- 
cataria. 

18. Banksia Longifolia — Carpinus Grandis — CinnamornDm Lanceola- 
turn — Corylus Grosse-deiitata — Lastria Stiriaca — Sabal Major — 
Sequoia Couttsiae — Sequoia Langsdorfii. 

28. 30. 132. Ammonites Yarians — Ammonites Rhotomagensis — Belem- 
nitella Plena — Holaster Subglobosus — Lima Globosa — Pecton 
Beaveri — Terebratula Semiglobosa — Turriiites Costatus. 

63. Baculites Faujasii— Brachyurus Eugosus — Homipneustes Kadia- 
tus — Nautilus Danicua. 

231. Ammonites Peramplus — Discoidea Cylindrica — Echinoconug 
Subrotundus — Inoceramus Labiatus — Ptychodus Decurreus — 
Rhynconella Cuvieri — Terebratulina Gracilis — Ventriculites 
Radiatus. 

31. 182. Ananchytes Ovatus — Belemnitella Mucronata — Echinoconus 
Conicus— Iiioeeramus Brogniartii — Lima Hoperi — Mierastor Cor- 
anguinum — Parasmilia Centralis — Rhynconella Octoplicata — 
Spondylus Spinosus — Terebratula Cornea. 

36. Chama Squamosa — Conus Dormitor — Crassatclla Sulcata — ^Fusus 
Longaovus — ^Nummulites Variolaria — Plourotoma Colon — ^Ros- 
tellaria Rimosa — ^Voluta Luctatrix. 

38. 151. Apiocrinus Parkinson! — Ceromya Concentrica — Cylindritos 
Acutus — Patella Rugosa — Purpuroidea Morrisii — Rhynconella 
Conciniia — Terebratula Digona — Trigonia Goldfussii. 

33. 147. Ammonites Deshaysii—Ancyloceras Gigas — Crioceras Duvalii 
— Diccnis Lonsdalei — Exogyra Sinuata — Gervilia Ancops— Moy- 
eria Vectensis — Peoten Cinctus — Perna MuUeti — Terebratula Sella 
— Trigonia Caudata. 

40. Aturia Ziczac — Nautilus Centralis — Nummulites Planulata — Pho- 
ladomya Margaritaeoa — Rostellaria Ampla — Vermicularia Bog- 
noriensis — Volnta Nodosa — ^Zanthopsis Tuberculata. 

41. 77. Aporrhais Parkinson! — ^Ammonites Lautus — Ammonites Auri- 
tus — Ammonites Interruptus — Bolemnites Minimus — Hamitos 
Intermedins — Inoceramus Conccntricus — Nucula Pcctinata — 
Solarium Ornatum — ITochocyathus Conulus. 

39. Ammonites Biplex — Ammonites Mutabilis — Exogyra Yirgula — 
Patella Latissima — Pliosaurus — Rhynconella Inconstans — Thracia 
Depressa — Trigonia Clavellata. 

42. Alaria Composita — Ammonites Cordatus — Ammonites Excavatus 
— Ammonites Lambert! — Belemnites Puzozianus — Gryphaea Dila- 
tata — Myacitos Recurva — Trigonia Costata. 

69. Astarte Omalii — Cardita Senilis — Flabcllum Woodii — Fascicularia 
Aurantium — Pecten Optircularis — Terebratula Grandis — Theonoa 
Globosa — Voluta Lamhcrti. 

148<r. Astarte Borealis — Natica Hclicoides — Nucula Cobboldiae — 
Rhjmconella Psittacea — Scalaria Grcenlandica — Tellina Obliqua, 

159. Balanophyllia Calyculus — Cardium Augustatum — Fusus Con- 
travius — Nassa Reticosa — Pectunculus Yariabilis — Purpura 
Tetragona. 

68. Ammonites Perarmatus — Chemnitzia Heddingtonensis — Cidarig 
Florigemma — Echinnobrissus Scutatus — Thanmastrea Arach- 
noides— Thecosmilia Annularis. 
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68a, Ammonites Achilles — ^Ammonites Tenuilobus — ^Astarte Supra- 
corallina — Cardium Corallinum — Cidaris Florigemma — Diceraa 
Arietina — Hemicidaria Crenularis — Terebratula Moravica. 

60. 128, Acrosalonia Homicidaroidoa — Avicula Echinata — Holectypus 
Eepressus — Nucleolitcs Clunicularia — Terebratula Intermedia — 
Terebratula Lagenalis. 

48 to 55. Alethopteris Lonchitica — Anthracosia Phillipsii — Antbracoi-ia 
Acuta, Kobusta, &c. — Calamites Siickovii — CyLhcro InHnta— 
Lepidodendron Stembergi — Megalichthys Hibberti — Neuroptcris 
Gigantea— Sifj;illaria Reniformis — Spirorbis Carbonarius. 

67 (Lower). Alveolites Suborbicularis — Homalonotus Annatus — Orthis 
Arcuatus—Pbacops Laciniatus. 

67 (IMiddlc). Bronteus Flabollifer — Calceola Sandalina — (Gonio- 
phyllum) Cyathopbyllum Caespitosum — Favosites Cervicornis — 
Holiolites Porosa— Megalodon Oucullatiis — Stringocephalus Bur- 
tini — Uncites Grypbus. 

67 (Upper). Cl 3 'menia Linearis — Cucullela Hardingii — Cypridina Ser- 
ratostriata — Goniatitoa Subsulcatua — Phacops Latilrons — Spiri- 
feni Disjuncta. 

70. 180. Asaphus Homfrayi — Dichograspus Sodgwickii — Uiplo- 
graspus Pristis — Ogygia Selwynii— Orthis Carausii — Trinucleus 
Gibbsii. 

71. 72. Agnostus Princeps — Cniziana Remiplicata — Uictyonema 
Sociale — Uymcnocaris Vermicauda — Lingulella llavisii — Olenus 
Micrurus — Ajjap^hus Tyrannus — ^Ampyx N udus — Didyinograspus 
lil.uxchisoni — Diplograspus Foliaceus — Lingula Attenuata — 
Ogygia Buchii — llastrites Peregrinus — Trinucleus Fimbriattis. 

77. 78. Ammonites Rostratus — Hamites Annatus — Holaster Laovis — 
Inoceramus Sulcatus — Ostrea Frons — Pecten Asper — Pleuroto- 
maria Rhodani — Rbynconella Dimidiata — Terebratula Biplicata 
— 'Terebratella Pectita. 

79. 136. Aviculopccten Papj^raceus — Discina Nitida — Goniatites 
Sphmricus, Listen, &c, — Lepidodendron Yeltheimianum — Ortho- 
ccras Stcinhaueri — Posidonomia Becheri — Producta Scabricula. 

87. Arenicolites Didyma — Agnostus Cambrensis— Concoryphe Lj^ellii 
— Histioderma Hibemieum — Leperditia Priroa — Microdlscus 
Sculptus — Oldhamia Antiqua — Oldhamia Radiata, 

88. Cyrena Obovata — Cytherma Incrassata — Limnea Longiscata — 
]\1 elania JMuiicata — Planorbis Euomphalus — Potamides Concavum. 

89. Cerithium Elegans — Ohara Medicaginula — Corbula Pisiini — 
Cyrena Scmistiiata — Paludina Lenta — liissoa Chastellii — Sequoia 
Couttsiao — Voluta Rathieri. 

120. Iloloijella Tennicincta — Illmnus Thomsoni — Meristella Aiigus- 
tifrons — Murehisonia Anguluta—- Petraia Subdujdicata — Strick- 
landinia Lons. 

121. Atrypa Hemispherica — Euomphalus Prcnuntius — Pentamerua 
Oblongus — Petraia Bina. 

122 (Lower). Ammonites Bucklandi — Ammonites Planorbis — Belem- 
nitea JElongatus — Extracrinus Briareus — Gryphma Incurva — 
llippopodium Ponderosum — Rbynconella Rimosa — Spirifei 
Walcottii. 

122 (Upper). Ammonites Bifrons — Ammonites Commuius—Belemiutea 
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Tubularis — Cardinia Listen — Leda Ovum — Bhynconeila Cyno* 

cephala. 

1 05. Cyclonema Corallii — Lin gula Lewisii — Orthoceras Ludense — Pen- 
tameras Knightii — Phragmoceras Ventricosum — Pterinaoa 
Sowerbyi — Rhynconella Navicula — Rhynconella Wilsoni. 

106. Actinocririiis SO-Dactvliia — Euomphalus Pontangulatus — Li- 
thostrotcon Junceum — Michelinia Favosa — Orodus ^mosiis, &c. 
— Ortliis Rosupinata — Phillipsia Pustiilata — Platycrinus Laivis — 
Producta Sernireticulata — Rhynconella Acuminata — Spirifera 
Striata — Terohratula Sacculua. 

107. Ananchytes— Catillus (Inoceramiia) — Cidaris — Gryphma (Exo- 
gyra) — Hippurites Organisans — Lima — N ncula — Oslrea — Pccten 
— Certain species of the genera Spataiigus — Sphaerulitea — Rudistcs 
Terebratnla — Trigonia. 

108. 241. Avicula Speluncaria — Axinus Obscurus — Camaraphoria Cru- 
mcna — Fcnestella Retiformis — Lingula Crcdneri — Nautilus Fries- 
leibcni — Producta Honida — Schizodns Schlotheimi. 

130. Eqiiiseiites Columnaria — Estheria Minuta — Hyperodapedon Gor- 
doni— Labyriuthodon Jaegcri. 

131. 97. Acrolepia Scdgwickii — Cajlacanthua Granulatua — Lingula 
Mytiloidcs — Neuropteris Uuttoiiiana — Palmoniacus Comptus — 
riatysomus Striatus. 

133. Ammonites Margaritatus — Ammonites Spinalua — Rhynconella 
Tetrahcdra — Terebratula Punchita. 

135. Discina Kugata — Grammysia Cingulata — TTomalonotna Knightii 
— Orthonota Amygdalena — Rhynconella Nucula — Phacopa Dow- 
ningifo. 

Eocene Mammals. Anoplotherium Gracile et Commune — Chrcroptamua 
Cuvicri — Coryphodon Eocienua — Dichobune Ccrvinuin — Paloeo- 
therium Magnum et Minus. 

]\Iioc(me Mammals. Acerothcrium Incisivum — Anthrncotherium 
INIagnum — Diiiotherium Giganteum — IJyopotamus Rovinus — - 
Mastodon Augustidens. 

Pliocene Mammals. Balaenodon Emarginatus— Cervus Anoccros — 
Elephas Meridionalis — Mastodon Arvernensis — Rhinoceros Lep- 
torhinus — Tapirus Priscus. 

137. Agm'Stus Davidis — Concoryphe Homfrayi — Erinnys Venulo'a — ■ 
Lingulolla Eerriiginea — Obolella Sagittalis — Puradoxidos Davidia 
Tlicca Corrugala. 

138. ("eraiites Nodosus — Encrinus Liliformis — Gervilia Socialis — 
Nautilus Hcxfigonalis — Placodua Gigas — Terebratula Vulgaris. 

153. Acer Trilobaturn — Cinnainonum Polymorpbum — Glyptoslrobua 
Europoeus — llukoa Salicina — Platanua Aceroides — Smilax Sagit- 
tilera. 

154. Cerithium Poitlandicum — Isastrea Oblonga — Lucina Portlan- 
dica — Trigonia Gibboaa. 

155. Archconiscus Edwardsii — Cycadeoidea Microphylla — Cypridet* 
Tuberculat a — Lepidotus Minor — Oatrea Distorta — Pleurosterum 
Ovatum. 

164. Avicula Contorta— Cardium Rbaoticum — Gyrolepia Tcnuistriatus 
— Hybodus Plicatilia — Pecten Valonienaia — Saiiricthys Apicalis. 

173. 233. Cerithium Funatum — Corhula Lcngirosirin— Cyprina Mor- 
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risii — Cyrena Cuneiformis — Melania Inguinata — Ostrea Bello- 
vacina. 

168. iEthophyllum Speciosum — Cheirotherium Barthi — Nothosaurus 
Schimperi — Voltzia Heterophylla. 

170 (Lower). Cephalaspis Lyellii — Phacops Laciniatus — Pteraspis 
Lloydii — Pterygotus Anglicus. 

170 (Middle). Asterolepis Ormusii — Diplacanthus Gracilis — Glypto- 
lepis Elegans — Osteolepis Major — Phyllolepis Conceiitricus — ^ 
Pterichtbys Major. 

170 (Upper). Anodonta Jukesii — Coccosteus Decipioris — Cycloptoris 
Hibemica — Gyclostigma Minutuin — Holoptycbius Nobilissimus, 
166. 171. Acaiithodes Gracilis — Calamites Gigas — Callipteris Conferta 
— rala30ni8cus Blanvillei — Walchia Pinifonnis — Uiiio Tellinarius. 
175. Ctcnodonta Tiimida— Cucullela Hardingii — Modiola Macadami 
— Phynconella Pleurodori — Spirifcra Cuspidata— Streptorhyncus 
Crenistria. 

177. Acerviilaria Luxurians — Acidaspis Barrandii — Euompbalus Dis- 
cors— Ompbyma Turbinatum — Ortbis Rustica — Ortboceras An- 
ri ulatum — Pentamorus Galea tus — Periecliocrinus Moniliformis — 
Pterinoa Ketroflexa — Hetzia Caneata — Spirifor Plicatellus — Kbyu- 
conella Borealis. 

178. Atrypa Grayi — Homalonoius Dolpbinocej halus — Illsenus Bar- 
riensis — Meristella Didyina — Pentamorus Linguifer — Retzia Bar- 
ran dii — Spiri fer Exporrect us . 

181. Angelina Sedgwickii — Coiicoryphe Doprcssa — Modiolopsis S(»l- 
vensis— Neseuretus Ramsayensis — Niobe Ilomfrayi — ITieca Opcr- 
culata. 

232. Cardita Jouanneti — Lamiia Contortidens — Ostrea Crassissima — 
Pleurotoma Tuberculosa — Scutella Faiijasi— Voluta Lambcrti — 
Voluta Rarisjiina. 

N.B. — In pronouncing tho above names from the Latin, a is pro- 
nounced as a in ‘’part;” e, as a in “pay;” », as ie in “piece,” 
except where these vowels are obviously short. The student is recom- 
mended to make or procure oven rough sketches of the fossils indi- 
cated, and to keep them by him for reference. Engravings of very 
many of them are to be found in “ Woodward’s Manual of the Mol- 
lusca,” Crosby Lockwood & Co. 


Table XIII. — Of the Blowpipe Treatment and 
Reactions of Ordinary Rocks. 


Apatite . 

Augite (Var. -Diallage) 
Basalt 

Chlorite — Schist 
Dolerite . 

Dolomite . • 

Felsite . 

Fuller’s earth • 


. Tab. VI.— 38-4 
. Tab. III.— 40* 1- 24* 28*6 

. Tab. VI.— 48— 4. Tab. III.—l* 

. Tab. III.— 27-5 1* 66* 24- 28 5 
. Tab. III.— 40* !• 66* 24- 28-5 
50-35 

. Tab. III.— 40- 12- 24. Tab. HI.- 1 
, Tab. VI.— 48-4. Tab. 111.— 1- 
. Tab. 111.-27-5 1- 28-6 

K 
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Gneiss • • . • • 

Granite • . • • • 

Hornblende . . • . 

Hypersthene . . . . 

Mica-Schist . . . • 

Obsidian ..... 
Phonolite (Clinkstone) . 
Porphyrite . . . . 

Pumice (Lava froth) 

Quartz (vars. Flint, Hom- 
stone, Chert) 

Quartzite (altered quartz sand- 
stone) 

Rock-Salt . . . . 

Sandstone (Micaceous) . 
Serpentine . . . . 

Slate 

Steatite 

Syenite . 

Talc-rock 
Talc) . 

Trachyte 


Tab. ni.— 1- 
Tab. III.— !• 
Tab. III.— P 
Tab. III.— 1* 

1- 28-6 


(Quartz, Felspar, 


Tab. VI.— 48-4. 
Tab. VI.— 48-4. 
Tab. VI.— 48-4. 
Tub. VI.— 48-4. 

24* 28-5 
Tab. III.— 2-75 
Tab. VI.— 48-4 
Tab. VI.— 48-4 
Tab. VI.— 48-4 
Tab. VI.— 48*4 

Tab. in.— 28*5 


Tab. III.— 40- (tr.) 28*6 
Tab. in.— 36*6 23- 
Tab. III.— 27-5 28-5 
Tab. III.— 1- 24- 28-6 
Tab. III.— 27*5 1- 28*5 
Tab. III.— 1-24 28-5 
Tab. VI.— 48-4 


60* 


Tab. VI.— 48-4 
Tab. VI.— 48-4 


The two following chapters are in the form of a dia- 
logue between the upholders of the old and new systems 
of anhydrous analysis. This form is adopted because 
it is hoped that an impartial comparison between the 
merits of the two systems will thus be presented to the 
candid student in the manner best impressing on his 
attention, dry, but necessary details ; while the most 
interesting and novel facts are thus enabled to be 
strongly marked and highly coloured. 



CHAPTER X. 

INNER CALCIUM-RYROBORATE BALLS* CHEMICAL 
WATER,'* ETC. 

Allow me now, the whole jr^llmiiiary way to our 
work having been cleared, to introduce to the reader 
my three typical students, Messrs. A., B., and 0., who 
shall represent respectively English, and Freiberg, or 
New Jersey students. 

Mr. A. is the type of my model students : sharp, 
attentive, judicious, diligent, and careful — A-1 at the 
pyrological Lloyd’s, in fact. B. is a very good ex- 
ample in the way of students also, patient and hard- 
working, but rather dull. Herr (or Mr.) C. is 
either a Freiberg Professor who speaks English and 
German with equal fluency, or a New Jersey American 
lately from Freiberg (soon proves to be the latter). 
Some people even say he has been specially deputed 
from either or both of those places in order to see if 
there is anything in these new methods.’* At all events, 
he is a man of excellent talents, and a splendid mani- 
pulator with the mouth-blower, but “ wedded ” to the 
old, time-honoured system of analysis — borax, charcoal, 

• A paper on this subject, declined by Section B ’* of the British 
Association at Swansea, in 1880, was translated into German and read 
a fortnight later at Dantzic, before the German Association, by Pro- 
fessor Gilbert Wheler, of Chicago, who procured the paper from me 
for the purpose. 
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‘‘ outer flames,’’ &c. — which I have permitted him to 
solely employ here, on condition he uses none of the 
fluid, violent acids, which certainly form no part of 
Blowpipe manipulation. The students are seated at 
three well- separated tables, so that they cannot see each 
other’s work ; A. and B. have the apparatus and re- 
agents, &c., around them, described in previous chapters, 
and C. has a complete and beautiful set of Plattner’s 
apparatus made by Lingko, of Freiberg {barring the 
bottles of acids, which have been removed), with a copy 
of Professor Cornwall’s lately-published book, Blow- 
pipe Analysis and Determinative Mineralogy.” “ Gen- 
tlemen ” (I say by way of prefatory address) we shall, 
of course, commence with the easiest subjects ; and the 
only further observation I have to make is, that I have 
placed that clock full in sight of all, to remind you that 
rapidity in Blowpipe Analysis is of almost equal im- 
portance with correctness^ Example 1. — White, 
OPAQUE, AMORPHOUS FRAGMENTS (evidently of some 
mineral). All three tried the hardness a penknife 
point, in spite (or contempt) of “ Moh’s Scale of Hard- 
ness,” which is as follows, — 

2. Rock Salt or Gypsum will scratch Talc. 1. 

3. Calcite will scratch Gypsum. 

4. Fluor-spar will scratch Calcite. 

6. Apatite will scratch Fluor-spar. 

6. Orthoclase will scratch Apatite. 

7. Quartz will scratch Orthoclase. 

8. Topaz will scratch Quartz. 

9. Corundum will scratch Topaz. 

10. Diamond will scratch Corundum. 

and is far more correct than the trial with a pen- 
knife, the point of which is turned by the first 
harder mineral it is drawn across. A. brought his 
work (boric and phosphoric acid beads) up in ten 
minutes; B. in about twenty; and 0. did not come 
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at all, but said “he thought he could guess what 
the mineral was, though he could not prove it without 
IICl (hydrochloric acid), ammonia, and ammonium car* 
bonate.’^ A.’s notes were as follow : — “ 1. Powder in 
boric acid O.P. ; about half, opaque white fragments, 
evolving grey opaline matter into the bead on continued 
O.P. ; about five-elevenths — or the right side of square 
11, Fig. 113; transparent balls, slightly opaline hot, 
transparent pale green cold, and evolving grey opaline 
matter {combined water) into thebcad in continued O.P., in 
consequence of inner transparent balls (Fig. 117), looking 
like surface crystals on the balls through a weak lens. 
(About half silica ; no alumina; about 45 percent. limCy 
with calcium silicate — the inner balls — and traces of 
magnesia and iron protoxide) ; one or two minute, brown, 
transparent balls, colourless, after H.P., (trace of man- 
ganese). 2. Powder in pink P. acid P.P., about half 
undissolvcd (about half silica; consequently no 
because all undissolved fragments in (1) are also un- 
dissolved here) ; bead remains pink (no alkali or alumina). 
3. Presence of lime confirmed by E.P., on a candle pyro- 
cone — see Table II. — when there was a strong red- 
orange ‘ mantle ’ [lime) ; also by cobalt solution, after 
O.P., which turns a fragment blue.’’ “ I therefore 
consider (A. appended to his notes) “ that this inineral 
is ordinary calcium-silicate, or Wollastonitey 

P.’s notes were rather confused. He, too, concluded 
the mineral to be calcium-silicate, but said “ he thought, 
from the opacity of the bead, there must be alumina 
present.” He “ had not tried the powder in pink P. 
acid ” — which would have confirmed the absence of 
alumina. 

Mr. C. stated, “ The fusibility B.B. of this mineral 
is from 1 to 5 — certainly not over 5 ; it fuses to a semi- 
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transparent glass, with a slightly orange flame (trace of 
sodium). It may be Fectolite, Analcite, Apophyllite 
(although scarcely sufficient intumescence in fusion for 
that), WollastonitCy Meionite, Cancrinite^ Bar^ 

mute, &c.’’ (1. h. Cornwairs ‘‘Determinative Minera- 
logy,^’ New York, 1882.) “ I should of course have 

distinguished these had you allowed the use of acids, by 
observing whether they gelatinised perfectly or imper- 
fectly with HOI. 

“Answer,” written on the blackboard, was as 
follows : — 

Mineral (85, 105, 110, also in granite and lava), 
Wollastoiiife^ analj^sed by Wicliage (Dana’s “System 
of Mineralogy,” 1877, p. 211). Silica (Si02), 51*00, 
*ron protoxide (FeO) with manganese monoxide (MnO) 
magnesium oxide (MgO, magnesia) 0*65, calcium 
ox'idc' lime) 46*44 = total 99.95. N.B. — In future, 
chcmii’^^^ formulae alone of mineral constituents will bo 

’eAu alphabetical explanatory list of the more 
£jivcn. ^ ^ 

r 1 )• chemical combinations is appended. 

^^Mr ^ should like to see how your razor-like 

follower ' got that ‘red-orange’ flame? I 

tried th minf^l ^or that, and couldn’t get anything 

more oran’jO without the red.” 

tt Simply by fx^ching one side of the candle-wick 
^ rrith the freshl 3 "-ca 9 ^^od mineral, held in pt. forceps 
ndd/st the blue blowjlP® pyroconc (or ‘ flame ’ as you 
call it) is being product^ thus. 

C. {surprisedy^^‘ Well ^ improve- 
ment ; I shall send a note®^ States, sir.” 

(To A.) “I see, sir, froml^^^ notes, that j^ou find 
* combined water’ in mineralo- 

gists maintain— and I maintaffi~“^^^^ ‘ yields little or 
no water.’ ” (Cornwall, p. 284} 
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Allow me, Mr. (said I), “ to explain this matter 
instead of my pupil, and to add that it affords me a 
pleasure and gratification I can scarcely express in words 
to have the opportunity of so explaining this most 
interesting and novel fact to a pyrological chemist of 
your ability and candour. You see here I have got a 
blowpipe assay balance in glass and mahogany frame (a 
very good though a small one, which obtained a prize 
at a German scientific exhibition, made by Neumann, 
who preceded Linglce, and 
from whom I purchased it, at 
Freiberg, in 1867), and a 
binocular microscope. Well, 
now, follow me while I cal- 
cine B.B., a piece of this clean 
eggshell till it glows white- 
hot, crush it to fine powder 
between agates, and apply pre- 
cisely 5 mgrs. (milligrammes) 
of it very carefully to this bead 
of pure boric acid, B.B. ; the 
result, as you see, is a still 
perfectly transparent head^ 
containing several equally 
transparent and colourless Calcinm-lioratc Balia. 
halh^ (Fig. 116), which after 

a few more seconds’ treatment before the blowpipe, 
coalesce into one ball. Throwing the bead and con- 
tained ball, with its wire ring, into this capsule of boil- 
ing water (H, Fig. 21), in a few seconds I obtain the 
ball 5 ^, and weighing it in my balance, find it is 
exactly four times the weight of the freshly calcined 
lime powder used to make it — viz. 20 mgrs. I have 
done this numberless times with the same result. You 
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will, therefore, readily admit the fact that anhydrous 
calcium -pyroborate consists of 25 parts of caustic lime 
and 75 parts of pure boric acid. 

‘‘Watch me closely, now, while I calcine and crush 
some more eggshell, hydrate it with a few drops of 
distilled water until all steam has stopped ; very gently 
dry the hydrate on warm A1 plate till the superfluous 
water is evaporated and no more ; weigh 5 mgrs. of it 
and apply the same, B.B., to another bead of pure boric 
acid. Mark the difference! The head is no longer 
transparent as before, but almost opaque with grey 
opaline matter, evidently obtained from the calcium 
hydrate (slaked and dried lime). But on boiling tin’s 
opaque bead in the capsule II. you see I still obtain a 
perfectly colourless, transparent hall from its interior, 
which, however, as you see, only weighs 15 mgrs., or 
exactly three times the weight of the calcium hydrate 
taken to make it.^^ 


Calcium hydrate composition calculated 
from these results is 
Calcium hydrate composition calculated 
from chemical equivalents is 


I CaO 76-0 H 2 O 26 0 
j CaO 75*7 H 2 O 24*3 


C. “This seems important; allow me to make a 
note of it.” 

“Certainly, sir, if you wish it.” C. — “Have you 
observed, sir, by the two formula obtained from your 
results — CaO 25*0 B 2 O 3 75*0 (calcium borate) and CaO 
75’0 H 2 O 25*0 (calcium hydrate), that the ‘chemical 
water, ^ as you call it, has only one-third the combining 
power of boric anhydride — Le, that three times as 
much of boron trioxide as of the former can combine 
with lime ; therefore, if you take the combining weight 
of oxygen as 16 and of hydrogen as 1 , you will have 
16 X 4 = 64 (the nearest multiple to 75--3H or 72), 
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or O4 and 11 U (say 12 H for an equal multiple), 
tluit is, H12O4, or, in simplest form, IlaO as the 
symbol ? 

Yes, sir, I did remark this apparent confirmation 
of these results; but I took the old weight of oxygen, 
8, as my basis (that being more convenient), which 
makes the formula of ‘chemical water ^ H3O9, or, in 
simplest form, HO3. 

“ You will now be perhaps unwilling to deny that 
this ‘ grey opaline matter,^ communicated to anhydrous 
boric acid B.B. by hydrated lime, and not by freshly 
calcined lime, is due to combined or ‘ chemical ' 
water ; and you would also, I presume, be not indis- 
posed to analogically admit that similar ‘ grey opaline 
matter,’ communicated B.B. to anhydrous boric acid by 
other mineral substances than lime, is probably also 
due to combined water ; more especially if, with the 
opaline boric-acid bead thus produced, you can re~ 
hydrate freshly calcined lime, so as to make it then 
afford an opaque bead before the blowpipe ? 

C. — “ Certainly.” 

“ Mark me then, wliile I treat 5 mgrs. of this pure 
silica from Gdrlitz ; or, if you prefer it, I will take 
pure crushed ‘rock-crystal’ — the ‘glass’ of one of 
your spectacles, for instance.” 

C. — “No, thank ye, sir; the Gorlitz silica will suit 
me exactly.” 

Well, as you see, the prolonged treatment of this 
weighed silica in a bead of pure boric acid in the hottest 
‘ flame ’ (as you call it) of the hot-gas lamp with foot 
blower (Fig. 21) has not the slightest effect upon the 
contained silica, or on the transparency of the con- 
taining bead. If necessary, I could boil out this silica 
from the bead, and re-weigh it to prove the fact (as I 
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have often done before), but you may take my word 
for it. 

I now add to this silicious bead B.B., the anhydrous 
calcium-borate ball we extracted from the boric- acid bead 
in our first experiment, and found to weigh 20 mgrs. 

See ! ^ Grey opaline matter ’ immediately begins to 
be evolved from the silica (for we before found this 
anhydrous calcium-borate ball to float quite transparently 

in its containing bead, Fig. IIG, 
and, therefore, it can commu- 
nicate no opaline matter what- 
ever to the latter), until the 
bead becomes all but opaque ; 
precisely as A.’s ollastonite 
bead was opaque. I now boil 
out the silica, dry, and weigh 
it. You sec it only weighs 
3 mgrs. now, whilst the weight 
of the calcium-borate ball is 
still exactly 20 mgrs. Be- 
peating this process, I thus 
obtain another B acid bead, 
but not nearly so opaque, 

Fig. 117.— Tnnor ?,oratc-Balls this silica, which, CX- 

formod by Silica. tractod as before, now only 
weighs 2 mgrs. Thus, more than half of this pure silica 
consists of some hydrogen a/nd onjgen compound^ which 
we have here called ‘ combined water.' But this is 
not all. I now take the 20 mgrs. calcium-borate ball 
carefully upon a small hook of thin red-hot platinum 
wire, J such as this, and fuse or dissolve in 

it by O.P. (your O.F.) a very small portion of pure 
silica powder, so that it is now silicious calcium-borate. 
I then run it while red-hot down the shank of the 
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wire, straighten the hook, and thus easily run the red- 
hot ball back again, completely off the wire, upon a 
clean aluminium tray — thus. I now note the weight 
of the silicious ball, crush it with forceps, apply the 
powder to a fresh bead of pure boric acid, B.B., flatten 
the hot bead on A1 plate, and place it with its contents 
under the 5 -in. objective of this microscoj^e. You will 
observe that, barring the fragments of free silica, this 
bead is precisely similar to the Wollastonite bead of Mr. 
A. (Fig. 117), or, in fact, calcium silicate without free 
silica. I now boil the silicious CaB .04 out of the bead, 
dr}^ and weigh it again. Observe that, in spite of the 
opaline matter evolved, it is considerably heavier than 
before ! Considerations as to the apparent cause of tlie 
singular formation of these inner balls of silicious 
calcium-borate must be reserved for another chapter. 

Table XIV.— More Important Basic Oxides, &c., 
Formulae, with their Combining Weights. 

(Compiled from Miller*^ “Chemical Physics.”) 


Al 2 CIg 


207-7 

CrO zz 

68 

AI 2 O 3 

— 

103- 

Cro O 3 z= 

153 

AgCl 

— 

U3-5 

Cu CI 2 = 

134 

Ago 0 

— 

23-2* 

C i 0 zz 

79 

Au CI 3 

zz: 

232 1 

Cuo 0 ZZ 

143 

Alio (h 

— 

441-4 

Fc2 Clc = 

‘209 

Pa Clo 


207-8 

F v 0 ZZ 

72 

JU 0 

— 

lo3- 

h\‘o O 3 — 

109 

Pi Ch 

— 

310-8 

Fo S ZZ 

88 

lih (h 

— 

404* 

Hg CI 2 = 

271 

Ca Clo 

— 

111-2 

IlgO ZZ 

210 

CaO 

— 

66- 

H o 0 

18 

Cd CI 2 

— 

183-2 

Hg 2 0 ZZ 

416 

CdO 

— 

128- 

K 110 ZZ 

56 

CJI 4 

— 

16- 

0 zz: 

94 

COo 

— 

44. 

LoO z= 

30 

Co Clo 

zz: 

129-8 

L“C1 zz: 

78 

Co 0 

— 

74- 

Mg CI 2 = 

95 

C 02 03 

— 

165-6 

MgO zz 

40 

Ctj Cle 


318* 

Mn CI 2 = 

126 
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Ain 0 


7P 

Sn O 2 = 150- 

Mil O 2 

— 

87* 

SO 4 II 2 ~ 98* 

Muo O 3 

— 

158- 

S 02 64* 

Na Cl 

— 

58-5 

Sr CI 2 = 168*2 

NagO 

— 

62- 

Sr 0 103*5 

Na 2 HO=: 

40- 

Ta 2 O 5 = 355* 

Ni 0 


74-8 

TI 2 0 = 424* 

Nio O 3 

— 

105*6 

Ta Fs 232*6 

Ni C1-. 

— 

129*8 

Ti O 2 =: 82*3 

Pt 0 

— 

223- 

T1 Cl =: 239.5 

l*b CI 2 

— 

278- 

IT 2 O 3 = 288* 

Pt 0 


213*4 

Ti CI 4 = 192*3 

Pt CI 4 

— 

339*1 

VClc = 350*1 

Pt 0 > 

— 

229*4 

V O 3 = 185*1 

SI) CI 3 


228*5 

= 232* 

Sl )2 O 3 

— 

292- 

Zn 0 = 81- 

Sbo O 5 

— 

324* 

Zn CI 2 = 136* 

S Ha 

— 

34* 

ZrOj =121*6 

Sii CI 4 


260* 

Zr Fi = 165- 

SnO 

= 

134* 



Examples of the way to use the above Table, with 
the Atomic Weights quoted in Table III. (Valentin). 

How much Copper Monoxide can I obtain by the oxida* 
tion 0 / 100 grs, of Copper ? 

63-5 r 79-5 :: 100 

At. WL "Wt. of Mole- Grs. of 
of Copper. cule of Cu O. Cu 

63*5) 79500 (125 196 grs. of Cu O 
635 

1600 

1270 

3300 

3175 

1250 

635 

6150 

5715 

4350 

3810 
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Em much Copper when 100 grs. Cu 0 are reduced in 
a current of hydrogen,? 

79-5 : 63-6 ; : 100 

Wt. of Mole- At. AVt. 
culo of Cu 0. of CopptT. 

795 ) 63500 (70 874 
5565 

7850 

7155 

6950 

6360 


5900 

6565 

3350 

3180 


Distillation of Water in the Field. 

A rough but effective mode of obtaining sufficient 
distilled water to fill the dropping bottles (Figs. 69, 
70) is as follows : — 

Have an extra lid to your saucepan, and keep it 
clean, reserved for this purpose, marked ‘‘ A.” 15oil 
the purest obtainable water in the well- cleaned sauce- 
pan, and, when boiling has begun, cover it with A ’’ 
having a towel wet with cold water fastened on it. 
In a few seconds the inside of “ A” will be covered with 
drops of condensed water, which are to be poured 
(through a funnel) into 6, Fig. 70. A repetition of 
this process will soon fill the bottle. 



CHAPTEH XT. 

RATIONALE OF OUTER AND INNER BALL FORMATION 
^SODIUM AND NON-SOEIUM FELLOW FLAMES.^ 
CAUSE OF THE COLOUR OF SAFFIHRE, EMERALD, 
AMETHYST, ETC, 

C. — Before proceeding, would you kindly say if it 
is necessary to crush the silicious calcium -borate ball 
before adding it B.B, to the boric acid, in order to 
produce the inner balls ? 

Certainly not. You can apjjy the weighed silicious 
ball, just as it is, to fresh B. acid, B.B., and almost 
immediately obtain the inner balls.'' 

C. — But how do you explain the formation of these 
‘ inner balls ’ communicated to calcium pyroborate by 
silica ; and, indeed, that of the outer balls also ? " 

The small sphcricles or balls formed within a bead 
by the application B.B. of lime and about twelve other 
oxides to boric acid, are evidently due to the respective 
cohesion oj two liquids — ^liquid, of course, only when in 
a state of fusion B.B. — which do not dissolve each other 
(although that is not the opinion of some chemists), 
but possess nearly the same specific gravity; just 
as this oil, poured into diluted alcohol, remains 
suspended within it in the forms of perfectly spherical 
masses. The two liquids in the case of lime applied 
B.B. to boric acid, are the latter (containing), and 
calcium borate (contained). The boric acid coheres 
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to as near a sphere as the platinum-wire ring to which 
it clings will allow, and hence the advisability of making 
the ring as nearly round as possible. The calcium 
borate coheres to as many perfect sphericles inside the 
bead as there are fragments of lime applied ; and these 
sphericles are immediately resolved into one by O.P. 
applied to the containing bead. It is usually supposed 
that the two liquids, in an experiment with fluids, mmt 
be of ^precisely the same specific gravity.’ (‘ Miller’s 
Chemical Physics,’ page 65), but that is not necessary; 
for, you see, here is a sphericle of pure gold floating in 
the boric acid bead B.B. in exactly the same manner 
as the calcium borate sphericles float.” 

C. — “ This is quite clear ; and, as you have shown 
the contained spheroidal borates to consist of materials 
in definite proportion to each other — both interesting 
and important to my mind ; but I do not yet see why 
or how calcium silicate forms inner balls in calcium 
borate B.B. Why does not the lime of the former 
combine with or rather join the lime of the latter, and 
dissolve the silica transparently in the ball, as you 
showed us it did when the ball 'was held i)er se on a 
platinum- wire hook B.B. ? ” “ Your observation shows 

that you are following me closely, and this is precisely 
the difficulty as regards the nature of these inner balls 
which occurred to myself. In the absence of a men- 
struum (at present) for dissolving the outer, and thus 
obtaining for examination the inner balls se, which 
will no doubt one day be found (Prof. G. G. Stokes, 
Sec. Eoyal Society, recommends me to try acetic acid, 
which I intend doing), I attempted to come to some 
definite conclusion regarding their nature by a process 
of ratiocination, and argued thus : If,” said I to my- 
self, ** these inner balls are silico-borate of calcium, balls 
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will be foimed, when pure silica is applied to. the cal- 
cium borate, held hy itself on a platinum wire, without 
the containing bead of boric acid B.B. ; and tliis we 
have seen is not the case. If, on the contrary, fresh 
boric acid derived from the outer containing bead is 
absolutely necessary for their formation, the presumption 
must be that calcium borate cannot be decomposed 
either by separate or dissolved silica, in boric acid, B.B. ; 
or, in other words, that the calcium borate will not give 
up any part of its proportion of boric acid to the calcium 
silicate in order to form inner balls, or any part of its 
lime to combine with the silica ; and that the originally 
added silica, therefore, is simply dissolved in the ball 
per se, and changed in its nature through the abstrac- 
tion of its ^ chemical water ^ by the action of calcium 
borate at this high temperature upon it. The silica 
then gradually becomes, as it loses this water, in a 
manner, itself ^ coiustio,* and capable of forming, at high 
temperature, a fusible compound with boric acid, which 
compound follows the law of cohesion of liquids while 
fluid and undissolved in the calcium borate ^ just as you 
see this speck of hard marble, when applied B.B. to a 
boric acid bead, at first appears (like silica) as an un- 
acted-upon white opaque fragment ; but shortly losing 
its CO 2 and ‘ chemical water ' (which latter immediately 
shows itself as grey opalescence vn the bead), it forms a 
fusible compound, and appears as a transparent ball of 
calcium borate (Fig. 116), instead of a white opaque 
fragment of calcium carbonate in the bead.*' 

C. — “But, do you mean to say you think you 
have, in the formation of these inner balls, formed 
a new substance, hitherto unknown to chemists — i,e,y 
silicon borate?*' “Most certainly. If you do not 
conclude it to be that from the full consideration of 
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these experiments and results, will you kindly afford a 
clue to any other explanation of the phenomena P I 
consider that not only one new substance (silicon borate) 
has been here proved to exist, but that another sub- 
stance (pure silica, or ^ rock crystal,*) — although not 
‘new' to chemists in one sense, has been hitherto 
partially misunderstood by them as to its nature (it 
being in reality a hydrate)^ in consequence of their 
solely employing, in its analysis, hydrated acids." 
C. — “ What do you mean by that last expression ? " 
“ I will make you explain it to yourself. You have 
seen, beyond all doubt, that what I have termed ‘ che- 
mical water ' causes the evolution of grey opalescent 
matter in boric acid B.B. ? " C. — “ Certainly, I am 
quite assured of that fact." “Well, now, will you be 
so good as to fuse a bead of this pure boric acid upon 
this ring of new, clean platinum wire P You observe 
that, when cool, it is as transparent, colourless, and 
refractive as the ‘ rock crystal * of your spectacles itself. 
Now, dip that bead, in a state of red-heat, into this 
beaker of distilled water, and heat the bead again B.B. 
What do you observe in itP" C. — “Nothing; the 
bead is lessened in bulk, in consequence of the bursting 
of the innumerable bubbles of steam formed, but it is 
now as transparent and refractive as before." “ Now, 
mark ! I pour just a little sulphuric, or nitric, or hydro- 
chloric acid into the beaker of distilled water, and stir 
it well round with this perfectly clean glass rod. Be 
80 good as to dip your red-hot bead again into this 
acidulated water, and, after heating B.B,, and cooling, 
tell me the result P " 0 . — “ The result is, faint streaks 

of grey, opalescent matter, which, on further heating 
and cooling, render the whole bead slightly opaline, and 
I see now what you mean by the expression ‘ hydrated 

L 
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acids.' It seems to me, therefore (adopting your views, 
which I don’t say I wholly do yet), that if we treat 
calcium borate (or the anhydrous contained ball) sepa^ 
rately with silica in a boric acid bead B.B., the com- 
bined lime, only during the continuance of high tempera^ 
turcy has an attraction for the supposed ‘ water ' of the 
silica, and extracts it, itself becoming hydroA^oveXoi of 
calcium only during the period of high temper aturCy giving 
up the thus-obtained * chemical water ' on cooling, to 
the surrounding boric-acid bead, where it (the chemi- 
cal water) floats undissolved as a finely-divided preci- 
pitate on becoming cold (for I see the whole bead is 
perfectly transparent whilst hot), which you call ‘ grey 
opalescent matter,' but which I should certainly call 

^hydrated boric acid* ” ‘‘My dear sir" — “Stop a 

bit ; I haven't done yet. If we admit all this, it seems 
to me to follow that if you dissolve ‘hydrated' (or 
ordinary) silica iii calcium borate held per ee on a pla- 
tinum hook and then treat the silicious ball in a boric 
acid bead B.B., the lime of the ball, caustic in spite of 
its combination with boric acid at high temperature, and 
then only capable of forming the double combination 
with this water and boric acid which I will call ‘ Cal- 
cium h3^droborate ' (only existing at high temperatures) 
extracts the water, as in the other case, from the silica; 
although in this case, the silica, being contained witliin 
the ball, cannot escape into the bead, but there, i,e. 
within the ball, forms the fusible compound with boric 
acid obtained through the ball from the outer bead of 
which you speak, and, assuming the spherical shape 
whilst fused and liquid, in obedience to the law of 
cohesion, appears, finally, as ‘inner balls of silicon 
borate,' when, of course, the containing ball would be 
much heavier, in spite of the opaline matter it evolved. 
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Is this what you meanP'* *^My dear sir, you have 
expressed my meaning more clearly than I could 
myself.” C. — ‘‘ Well now, will you kindly explain, if 
your conclusion is correct, how it is that the silica, 
dehydrated (and thus rendered capable, according to 
your account, of forming ^ silicon borate ') by the cal- 
cium borate ball treated separately with it B.B. in a 
boric-acid bead, does not then form ‘silicon borate' 
separately in the lead ? ” 

“For two reasons: Ist, because the boric acid, with 
which the inner anhydrous silica combines, is derived 
from the containing ball, where it must be absolutely 
anhydrous; the ball meanwhile supplying its loss with 
boric acid from the containing bead in exchange for the 
water derived from the silica, so that a round of chemi- 
cal exchange goes on. 2nd, because, perhaps, the two 
fusion-fluids, ‘silicon borate^ and calcium borate, are 
suitable for exhibiting the phenomenon of floating 
spheres (as oil and dilute alcohol are suitable) ; and 
the two fusion-fluids, ‘silicon borate’ and boric acid are 
not suitable (as alcohol and water are not suitable)." 

C. — “Well, there is no doubt the inner balls do exist 
(and must be accounted for somehow), for I have just 
broken a calcium borate ball containing them in half, 
and placed it under the microscope ; and here they are, 
sticking out of the broken side of tlie hemisphere. Is 
silica the only substance which, thus applied, forma 
inner balls in calcium borate ? " “ Oh dear no : zir- 

conia, glucina, alumina, tungstic and molybdic acid. 
In fact, so far as I yet know, all ‘ earths ’ and non-vola- 
tile oxides, which do not themselves form balls in boric acid 
B.B., form these inner balls. The sublimate of anti- 
mony forms balls in calcium borate per se B.B. with the 
evolution of ‘chemical water.’ But the inner balls 
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formed by some oxides, as tungstic acid, crystallise under 
continued 0,P.y and these crystals constantly exhibit the 
\ame form which, as you know, is quite the contrary 
with borax crystals B.B/’ C. — “ Again, this seems to 
me a matter of some importance/’ “ You stated just 
now, that I ought to call that fine precipitate, which 
appears as grey opalescence in the clear B. acid bead, 
hydrated boric acid. Would you suppose, now, that boric 
acid thus ‘ hydrated ’ should have changed any of its 
properties ? ” C. — Certainly I would ; and, indeed, 
I was just going to remark that your boric acid beads, 
opaque with grey opalescent matter, seem to differ in 
no respect (except opalescence) from the transparent 
bcads/^ *‘What substance, then, would you call this?’’ 
{taking some white imcder out of a bottle y and heating it on 
a platinum spatula under C*s nose). C. — “ Kesin, or 
some related hydrocarbon.” “ This, sir,” {fusing the 
powder B.B, on a 2d. wire ring), as you see, is opaque, 
or hydrated boric acidy which apparently acquired that 
peculiar smell of resin by simple exposure to the air, in 
about a year after it was hydrated in the Royal Artillery 
Institution Laboratory, Woolwich, in 1873.” C. {re- 
fiectively) — ‘‘Are you quite certain of this? The resin- 
ous smell on ignition is unmistakable ; and yet there 
was certainly no inflammation, as would be the case in 
thus heating resin. AVas this boric acid hydrated with 
‘ water ’ from silica ? ” “ No, but you see, it also re- 

hydrates calcined lime.” {Calcining to white heat in 
O.P. of the hotigas lamp a fragment of pure marbley larger 
than the opaque beady tqwn the latter. The glowing lime 
slowly clarifies the beady andy when afterwards sejmrated 

* The New York scientific Journal called Sciencey contained, in 1880, 
a wood engraving of a nncroscopic crystal of Tungsten -horate, 
published with the paper alluded to above. 
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from the head^ crmhedy and applied to fresh pure B. acid 
B.B,, evolves grey opalescent matter into the transparent 
bead,) Follow me in this experiment, and I will show 
you how this B. acid was hydrated. When I thus make 
a paste of calcium hydrate and dry it as a large opaque 
bead in gentle P.P. on this pt. wire ring ; bend the long 
wire double, and fuse a bead of pure boric acid upon a 
similar ring made at the other end of the wire, holding 
the two beads at the bend of the wire in the forceps 
so that the ^ flame ’ of the hot-gas lamp, directed upon 
the Ca hydrate, plays oftencards upon the B. acid 
(Fig. 44), what is it that causes this gradual opales- 
cence in the transparent, colourless boric acid ? C. — 
“Why, the ‘chemical water’ of the calcium hydrate; 
I quite understand that now ; there is really no necessity 
to go through all this againy “ Excuse me, sir, that is 
not my object ; but do you observe this yellow flame 
emitted from the calcium hydrate while it is slowly 
calcining in O.P., and evidently causing the opalescence 
in the boric acid, by impinging steadily upon the bead, 
until the hydrate is perfectly calcined and begins to 
glow white-hot? What is that?” C. — “What is 
that yellow flame ? Why, sodium, of course ! ” “ Ob- 

serve me now, and I will pi’ove to you that it is not 
sodium. Taking the lime-bead off the first ring, I sub- 
stitute for it a bead of sodium carbonate, and thus, 
allowing its induhitahle yellow sodium flame to impinge 
upon the bead of opalescent boric acid; what is the 
result ? ” 0. — “ The opalescence removed ! The same cause 
producing opposite effects — a rcductio ad absurdim — 
against Euclid — no, this w^on’t do at all. I admit, sir, 
that the first yellow flame cannot possibly be due to 
sodium.*^ “To what, then, do you suppose it to be 
due?” C. (comidering) — “Well, the yellow flame, 
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which rendered the boric acid opalescent, certainly 
ceased as soon as the calcium hydrate was calcined, 
leaving anhydrous lime behind ; this hydrate I have 
seen to similarly opalesce boric acid, leaving (as was 
proved by the assay balance) anhydrous calcium borate 
behind. — Sir, I see no other conclusion except that the 
first yellow flame is caused by the ignition of this ‘che- 
mical water,’ as you call it.” “That has been my 
conviction for twelve years ; but you are the first man 
of science I could get to listen, patiently and intelli- 
gently, to mj’’ proofs. Some declared they could not un- 
derstand such simple evidence. Others (very unphilo- 
Bophically, I think), laughed at me and my proofs, and 
said I was setting the Thames on fire, &c., &c. But I 
will now show you how I hydrated this boric acid with 
the resinous smell on ignition. Taking the bent pla- 
tinum wire again (Fig. 44), I insert in the ring next 
the O.P. this little roll of new clean platinum foil, 
simply to have a considerable quantity, or bulh, of 
platinum in contact with the blowpipe ‘ fiame,’ as it 
then cannot be heated beyond redness, and will con- 
sequently, continuously emit a yellow flame ; this j^ellow 
flame also, as you see, renders this fresh bead of pure 
boric acid opalescent, probably, because redAioi plati- 
num being known to decompose water (Grove. Corr. 
Phys. Forces, p. 81), this hydrogen compound is thus 
eliminated from atmospheric moisture, and attracted 
by the hot boric acid. 

“Well, before I discovered this fact, I fused about four 
ounces of pure, crystallised boric acid in a clean open 
platinum dish at a table-blowpipe in the P.A. Institu- 
tion, Woolwich, with the result of finding all my boric 
acid grey, opaque, and (as I thought) spoiled ! I do 
not mean to assert that you cannot fuse boric acid in 
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platinum without producing this result; but I over- 
heated mine, keeping the platinum at a strong red heat 
for some two hours, and producing, therefore, an enor- 
mous amount of this yellow flame y which filled the dish, 
playing upon the boric acid all the time it was being 
fused. I don’t remember it exhibiting this resinous 
smell on ignition at first, and imagine, therefore, that 
it was tlms rendered capable of gradually absorbing 
more hydrogen (and, perhaps, carbon) from the air to 
which it was constantly exposed when the stopper of 
the bottle was left off. It is this boric acid which has 
the resinous smell on ignition. I will now show you 
another curious result of the supposed hydration of boric 
acid. You see I have got here a stoppered bottle of 
grey mineral powder. It is pure crystallised Wavellitey 
lately discovered in the country of which you are so 
justly proud (The States), but baked for a fortnight 
in my kitchen oven (which you now know better than 
to suppose would eliminate the ‘chemical water,’ and 
which it, in fact, concentrates), cruslied, and put into this 
bottle. I purchased this Wavellite some years ago, 
from Henson in the Strand, because I knew it, as alu- 
minium hydrated phosphate, to contain a large amount 
of ‘ chemical water,’ and was curious to see what the 
effect would be of dissolving its fine powder B.B. in my 
hydrated boric acid, by means of the cautious addition 
of potassium hydrate. You shall now do this yourself; 
but first I would ask you to test the Wavellite for iron or 
other possible metallic colouring oxide, with the borax 
you have there, as you do not believe in my re- 
agents.” 

0. — “Do not say that, sir ; I begin now to see 
the drift of what you call your system, and believe in 
it ; but I will now try this powder, as you suggest, 
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in borax B.B. for the satisfaction of others, and I find 
the borax bead not even yellow hot ; so presume the 
powder to be so far free from metallic colouring oxides 
that at all events they cannot contribute any recog- 
nisable colour to a bead. Now, what shall I doP’^ 
‘‘Fuse some of the resin-smelling boric acid B.B., to a 
bead on this platinum wire ring, and, taking up on the 
hot bead gradually some of this baked WavcUite powder, 
with a mere trace of potassium hydrate to dissolve it, 
treat the mass with a powerful H.P. (you know what 
that means now) from the ‘hot-gas lamp.^’^ C. — 
“ Why, the bead turns a bright purple ! “ Now, dip 

the hot bead, first in the hydrated boric acid again, and 
then in the WavcUite powder, plus a trace of potassium 
hydrate, and continue the treatment with C. — 

“ This is really curious. The bead is at first purple, 
then a beautiful sapphire-like hlmy and quite trans- 
parent ; then it becomes an equally brilliant emerald* 
like greenJ^ “ If you wish it to remain blue, dip it in 
hydrated boric acid again.” C. — Dark blue again. 
All these colours cannot possibly be due to any metallic 
oxide : cobalt would give a blue bead, copper or chro- 
mium a green one, and manganese a purple one ; but 
no single oxide could produce all three colours. Did 
you not communicate this matter to your Royal So- 
ciety? ” “ Yes, but the secretary sent me the materials 
back again, with a note to the efiect that he had 
not time to try them as suggested, but believed the 
colours of gems, &c., to be due to minute portions of 
metallic oxides. I then forwarded the packets to Herr 
Professor Bruno Kerl, of the Imperial Mining Aca- 
demy, Berlin, whose chemist (Herr Pufahl) did try 
them in the laboratory there, and published a leading 
article on the subject in the Berg und Hiittcnmdnnische 
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Zeitung for 1st December, 1882, headed ^ JJber die 
TIrmche der Blaufdrhung von Saphir,^ 

But time and space alike compel me to hasten to a 
conclusion. (To B). — ‘‘ You stated ‘ that you thought, 
from the opacity of the bead, there must be alumina in 
Wolladonite- Powder this greyish white, compact, 
amorphous mineral fragment (of which the only blow- 
pipe analysis given by Cornwall, Dana, and others, is 
that ‘it fuses with intumescence B.B., to a light- 
coloured mass,’ like a hundred other things) ; treat it in 
B. acid O.P., and compare the bead it produces with 
that produced by Wollastonite (Fig. 117).” C. — “ Why, 
instead of the balls, inner balls, and fragments of silica, we 
have here a beautiful bead oi pure whiter opaque jeweller 8^ 
enameV* “ Something like that, no doubt, but this effect 
is produced by aluminay which, attempting to form 
inner balls that probably burst before they can exchange 
their chemical water for boric acid, deco7n2:)08es the cal- 
cium-borate balls, and spreads the lime, exactly like 
‘lime-milk,’ over the whole bead ; and this is why, in 
Table VI., you will find the most characteristic re- 
actions of both these oxides (lime and alumina) given, 
as causing the mutual evolution of ‘ copious milky 
matter;’ but the student must remember that the 
quantity of test added must be exactly proportional to 
the quantity of testee (as a lawyer would call it) ; that 
is, if there is only very little alumina present in the 
mineral, only a trace of lime must be added to the bead, 
and vice ver8d. This mineral is (218, 222, and in granite, 
&c.) ZoisitCy or calcium silicate with alumina. You see, 
by fusing another fragment of the mineral on A1 plate 
in O.P., and treating the powder in this bead of phos- 
phoboric acid (Table YII., note), I obtain the lime in 
balls again (Fig. 116), because calcium phosphoborate 
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is thus formed, which cannot be decomposed by alumina 
in boric acid 

I have now only time and space left for one more 
typical mineral. Grey, or brownish, or greenish frag- 
ments (shown in “ Cornwall,’^ p. 285, with about fifty 
others, as fusing quietly at 8*5 which, powdered 
(for I have no time for preliminaries) and applied to 
B. acid O.P., fuses at bottom of the bead, and forms 
an ice-like mass, or jelly, in it afterwards. I see, by 
Table VI., column 4, Ho. 48, that this indicates 
an alkaline aluminom silicate^ the alkali of which is 
confirmed by added CoO, giving a pmk suffusion 
in O.P. (Tables III. and VI.), whilst the alkali is 
proved to be under 5 per cent, soda by the green 
p.c. of the B. acid not being completely yellowed 
(Table III.) According to Table VII., No. G, I now 
treat powder of the fused fragment, boiled and dried, 
in phosphoboric acid O.P., and find about four-fifths 
white, opaque, unattacked fragments (about four-fifths 
alumina or A1 silicate) ; about one-tenth transparent 
balls, clear hot, pale green cold (about one-tenth lime, 
containing iron protoxide : no magnesia) ; one or two 
brown-black, opaque balls, with rust-like matter (a very 
little iron). I now try the original powder in pink 
P. acid P.P., and obtain about four-sevenths trans- 
parent matter undissolvcd (about four-sevenths silica : 
consequently, about one-fourth alumina, which could 
have been confirmed by adding lime O.P. to the first 
head, and producing a white enamel) ; bead pinkish blue 
(about 5 per cent, alkali). The mineral is a constitutent 
of some rocks, generally intrusive, Labradorite,— 
Analysis by Klaproth (“ Dana,” p. 342) — 

SiOa 66*75 AI 2 O 3 26-60 FczOs 1-26 CaO 11-00 

4-00 H 2 O 0-6 = 99 0. 
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The following interesting facts should be mentioned 
here 

1. A freshly-fused, pure boric-acid bead was fixed 
on platinum foil, first at tbe anode and then at the 
cathode of a powerful Grove battery, placed at my dis- 
posal for this purpose, by the kindness of Professor F. 
Guthrie, F.R.S. It was found to be a non-conductor 
of electricity, and no result followed. 

2. An anhydrous calcium-borate ball, previously as- 
certained to communicate no opalescence whatever, 
B.B., to boric acid, was then placed (along with its 
containing bead) in connection with the battery anode 
without observable result. 

3. But on communicating the same bead (2), having 
the unchanged calcium-borate ball inside, with the 
cathode of this battery, the contained ball immediately 
began to develop grey opalescent matter into the trans- 
parent bead, until the latter became shortly quite opaque. 

To the careful student of the many proofs given in 
this work that this grey opalescent matter communi- 
cated to boric acid by calcium-borate, indicates the 
presence of some compound of hydrogen, all commentary 
on these three facts is unnecessaryv 



CHAPTER XIL 

FREIBERG QUALITATIVE EXAMPLES. 

The following account (on the right-hand side) of 
these experiments was lent to me in 1860, in his uni- 
versity note-book, by the late Mr. W. Hustler, of Rose- 
merryn, Cornwall. He was the pupil of Plattner and 
Richter, at the Freiberg University. Had he lived, there 
can be no doubt he would have taken a place among the 
few Englishmen who have distinguished themselves in 
this field of research by the contribution of original 
matter to it. Through his knowledge of this science and 
of geology, he, quite by himself, discovered a valuable 
deposit of tin ore {Cassiterite, I believe), near Orense, in 
the north of Spain; and leasing the ground, worked some 
mines there profitably until his death in 1873. He first 
taught me the use of the blowpipe in 1859, and I can 
never forget him. I have made no alteration whatever 
in his experiments, except in the symbolical expression 
of salts, which I have modernized. The letter ‘‘ B ’’ 
represents a glass “bulb,” or closed test-tube; “C” 
charcoal. The unknown substances were given to stu- 
dents by Professor Richter. The left-hand columns 
consist of analyses on my system. 

N.B. — The numbers above each mineral refer to its geological posi- 
tion : vide Table XI. 

1. Powder in B. Acid O.P. 1. A white crystalline powder. 

(a) Great effervescence with (a) In B gives off HjO, and 
choking smell (Chlorine or loses its crystalline form. 

Fluoritu^ See (<?). 
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(^) Transparent balls evolving (d) On platinum wire, molts, 
opaline matter by continued O.P. and tinges the flame green (BaO). 
{Barium) * (c) Dissolves in borax to a 

(c) With copper oxide ^added colourless bead, which, when a 

O.P. a blue pyrochromo’(C7<fo- quantity is present, can be flat- 

riue). tened. Peaid white (not crystal- 

{d) Powder heated with P. lino). 

Acid in Glass bulb ; glass not at- {d) Melted with soda on C and 
tacked {no Fluorine). dug out, gives no S reaction. No 

N.B. — No S. reaction neces- reaction for CO2 with HCl and 
sary. Substance could not be II2O. 

both a Chloride and Sulphate. (e) With (K 11804) in B got a 

pale yellow (Cl). 

(The substance is Baric Chlo^ 
ride.) 

2. Powder in B. Acid O.P. 2. Transparent crystals. 

(rt) Great cflervcscence without (a) In B gives off much IIsO, 

smell, green p.c. unaltered {Sul- changes colour, and sticks to the 

phuric Acid). glass. 

(b) Many white opaque balls, {b) On C intumesccs, remains 
transparent after long O.P. (J/ay- outside, glowing with a white 
nesiuni). light while hot: moistened with 

(r) Fragment with soda, C slip, Co solution in OF turns pink. 
H.P. and on Ag. with 1120 (MgO.) 

a black stain {Siil 2 )hur ) : bead, {(■) On Ag. foil, gives S reac- 

opaque with grey opaline matterf tion. 

{inuch combined water). (Sul)stance is Magnetic Sul- 

17, 98, 108. pbate.) 

Bpsomite. N.B.— No reason given why 

Analysis by Stromeyer, — SO3 this crystal should be tried fur 

31*99, MgO 16*49, H2O 51*20 = sulphur. Co. soln. of no use if 

99*59. any iron present. 

3, Powder in B. Acid O.P. 3. A white powder. 

{a) Unattacked fragments : as {a) In B gives off Il20, 

mineral is soft, try for Suli)huric {b) On platinum wire, or in 

or Phosphoric Acid. forceps, lighted strongly, tinged 

{b) Powder fused with Soda on fhe flame reddish, and did not 
A1 plate, boiled, dried, and — melt (CaO). 

((?) in B. Acid O.P. Great M gave the S reaction, 

effervescence without smell: green (Substance is 6'yi?6M?7i.) 
p.c. unaltered {Sulphuric Acid). N.B. — Why try an evident 

{d) Many transparent balls ** earth** for 8. in the firot in- 
(Lime). etance ? 

(e) Fragment in E.P. Strong 
red- orange mantle {Lime), 

• Confirm by yellow-green p.c. of fragment in O.P. {Barium). 

t When this is the case, the bead must be vesiculated or its contents 
boiled out, and transferred to a fresh one from an agate slab (Fig. 50) 
until a clear bead is obtained. 
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(/) Bead opaque with grey 
opaline matter (mitch combined 
water), 

80, 192, &c., &o. 

Gypsum, 

Analysis by Buchok . — SO 3 44*8, 
CaO 33*0,1120 21 0 =z 98-8. 

4, Powder in B. Acid O.P. 

(a) Intense, luminous, hluo- 
grccn pyrochrome (^Copper), 

(J)) Black opaque balls : cop- 
pery matter from them after H.P. 
{JOopper), 

{c) Green fragments, un- 
changed by H.P. {Chromium), 
N.B. — Only an experienced 
workman would suspect copper in 
presence of chromium in borax 
B.B. 


6. Powder in Boric Acid O P. 
(a) Black opaque balls ; violet 
after H.P. {Cobalt), 

{b) Brown transparent balls; 
colourless after H.P. {Manganese.) 

N.B. — Very doubtful if Mn 
could bo suspected in presence of 
Co in borax. 


6. Powder in B. Acid O.P, 

{a) Uiiattacked fragments. — As 
mineral is soft, try for SO 3 or 
P2O5 by — 

(^) Powder fused with soda on 
Al plate ; boiled, dried, and — 

(tf) Besidue in B. Acid O.P. 
Great eflervescence without smell, 
green p.c. unaltered {Sulphuric 
Acid).* 

{d) . Transparent balls, evolving 
opaline matter by continued O.P. 
{Barium).f 


4. A greenish -black powder, 
(a) Dissolved in borax gave a 
pure green colour; thought Cu 
was present, so knocked off the 
bead, and reduced it on C, when 
it was red from reduced copper. 
Got the Cu together, and re- 
dissolved the remainder of the 
bead in more borax, having first 
pressed it abroad. The reaction 
in the OF was yellow hot, and 
yellow-green cold, showing the 
presence of Cr 203 . 

(Substance was a mixture of 
CuO and CrgOs.) 

6. A brownish-black powder. 
{a) Dissolved in borax gjive a 
beautiful reddish-blue, showing 
the presence of CoO. The red 
colour, however, indicating the 
presence of another metal, tried 
it with soda and saltpetre on Pt. 
foil, and got the blue colour of 
Mn. 

(Substance was CoOandMn02). 

C. A pinkish opaque mineral. 
(a) In B decrepitates, giving 
off little or no HaO : changes to a 
grey colour. 

(^) In pt. forceps, melts and 
gives a green colour to the OF 
Qnes. of BaO). 

M Gives no sublimate on C. 

(^/) With soda on C, greatest 
part sinks in, but a portion of 
white remains on the year rings 
(pres, of CaO).X 
(e) The remains, dug out of the 


* Confirm by black stam on silver. (See Sulphur), 
t Confirm by yellow-gjuen p c. of fragment in O.P. (Barium) and 
Lime by orange-red mantie p.c. in E.P. 
t To detect Lime in No. 6. 
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N.B. — ^Most probably Strontia 
and Iron present here. 

76, 77, 132, &c. 

Barite. 

Analysis hy Seidingsfeldi^'Bdk 
SO 4 83-10, SrS40 7*10, CaSOi 
6-12, Fe203 1*83 = 99-74. 

7. Powder in B. Acid O.P. 

{a) Great effervescence without 
yellowing green p.c., no smell 
[Suljjlniric Acid). 

{d) Bead opaque with grey opa- 
line matter, requiring 4 changes 
(over 40 per cent, combined H 2 O 
and liitle or no alkali which 
would remove opalescence). 

(c) About two- sevenths white 
opaque fragments, affording im- 
mediate milkiness on addition of 
lime powder O.P. (about f Alu^ 
mina). 

(d) Powder in Pink P. Acid 
P.P. all dissolved (no Silica). 

36, 40, 45, &c. 

Aluminiic. 

Analysis by Sframcf/er. — SO 3 
23-36, Al.Os 29-25, H 2 O 46-37, 
= 100 . 

8. Powder in B. Acid O.P. 

(a) Dissolves with great effer- 
vescence, fumes, and suffocating 
smell (an alkali, with chlorine or 
fluorine) : green p.c. completely 
yell(;wcd (over 6 per cent, of 
Soda), 

(b) On addition of cobalt oxide 
O.P. all balls immediately dis- 
solved, forming a bead, blue, cold 
(over 30 per cent, alkali). 

(c) On addition of fresh powder 
with copper oxide O.P. no blue 
p.c. (no chlorine). 

{d) Bead boiled with drop of 
water in glass bulb, makes its 
neck dull (Fluorine), 

(e) Powder of a fused fragment, 
boiled and dried, in P.B. Acid O.P. 
about ^ unattacked white frag- 
ments, whic’'' produce milkiness 


C and put on a silver plate with 
H 2 O, give reaction for sulphur. 

(Mineral is Barite with trace of 
lime.) 


7 . A white chalky mineral. 

(a) In B gives off H 2 O, which 
has an acid reaction. No decided 
reaction in the forceps ; does not 
molt. No sublimate on C. 

(b) With Co soln. in OF be- 
comes blue (AI 2 O 3 ). 

(With sodtty on C, substance 
mains outside,^) 

(d) The 0 dug out, wetted on 
ag. foil, gives S reaction. 

(c) It is soluble in liCl. 

(Substance is Aluminite.) 

N.B. — ^Why try ‘‘a white 

chalky mineral” on C ? Any 
Iron would have destroyed the 
Co soln. reaction. 


8 . A white compact mineral, 
like fossilized cocoanut “ meat.” 

(a) Does not change in B, and 
gives off little H 2 O. 

(^) In the forceps melts easily 
to a round ball, colouring the OF 
reddish-yellow (soda). 

(c) On G gives no sublimate, 
but melts to a clear bead, opacpie 
when cold, which spreads out, 
and part sinks into the C. 

(d) With Co solution becomes 
blue (AI2O3). 

(c) No action for S on ag. foil; 
no action for CO 2 with A-Cl dil. ; 
no action in B for Cl, Br, or I, so 
tried it with P salt in open tube, 
and got the FI reaction : also tried 
it with TISO 4 in porcelain cup on 
glass, and got a first-rate reaction 
for FI, so decide the substance to 


• To detect Alumina in No. 7. 
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on addition of lime powder O.P. 
(about ^ Alumina^ or Al silicate). 

(/) A fragment fused on Al 
plate O.P. with water until the 
soda is dissolved and washed 
away, and the residue glows, 
affords a bright blue with Co 
solution and O.P. [Alumina^ free 
from metallic oxides). 

(^) Powder of [e) in pink P. 
Acid P.P. all di.-solved (no silica). 

85, 86 . 

Cryolite. 

Analysis hy Berzelius . — F 64*07» 
Al 13-00, Na 32-93 = 100. 

9. Powder in B. Acid O.P. 

(«) About f blue-black frag- 
ments, affording a blue bead on 
large addition of P. Acid H.P. 
(about J Tungsten ) ; about \ brown- 
black opaque balls, with riist-liko 
matter (about i Iron ) : a few brown 
transparent balls, colourless after 
H.P. (a little Manganese). 

{b) Powder in P. Acid H.P. 
an azure-blue bead (I'ungsten)^ 
which changes to red on addition 
of soda O.P. (over 15 per cent. 
Jroti). 

8 , 24, 72, &c. 

JFolframite. 

Analysis by Rammchberq . — 
WOa 75-56, FeO 20-17. MnO 
a-64 =: 99-27. 

10 . Powder in B. Acid O.P. 

(a) Great cfftTvesccnce and 

white vapour with choking smell 
(Chlorine or Fluorine). 

(1) On addition of copper oxide 
O.P., a blue p.c. [Chlorine). 

(c) Fragment on C slip Al 
plate H.P. melts and affords a 
copious white sublimate, which, 
through a lens, appe ars as myuads 
of metallic balls [Mercury ) ; these 
scraped together, form largo shin- 
ing visible globules. 

(N.B. — Calomel, Hg Cl sublimes 
at once. Corrosive sublimate 


be fluoride of sodium and alu- 
minum, or Cryolite. 

N.B. — Any Iron present would 
have destroyed the Co soln. re- 
action. 

The fluorine is not suspected 
here, until after a series of ten- 
tative failures in search of other 
things. 


9. A black mineral, with me 
tallic lustre. 

[a) Is not magnetic before roast- 
ing, nor after. Decrepitates in 
B, but gives off no H 2 O. 

(/>) Gives no sublimate on C, 
ana no smcdl of SO 2 or As. 

(c) With borax gives a reddish 
bead cold, as also with P salt. 

(cl) Is slightly soluble in IJCl, 
and gives a blue colour with 
KiFeCyc (FcoOs). 

(c) Heated with IISO 4 a blue 
fluid is obtained. 

(f) Melts to a slag with soda, 
and is slightly fusible on the 
edges. 

(Substance is Wolframite.) 


10 . A white crystalline sub- 
stance. 

(«) In B gives off a white va- 
pour, which settles on the sides of 
the hulb, and turns yellow while 
hot. In the forceps gives off a 
lot of white smoke. 

[b) On C is melted, and gives 
off copious white fumes, which 
settle on the C, and are very vo- 
latile. 

[e) With soda in B, gives off a 
substance which settles on the 
side, and forms a mirror : when 
rubbed forms gobules (Ilg). 
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(which this m-jBt hpe been) fuset (rf) With CuO on 0 rives a 
firsts and then sublimes. beautiful blue flame, striped green 

(presence of Cl). 

(The substance is, therefore, 
HgCl, or CI 2 .) 


11. (Soe (9), with about J Man- 
ganese). 

19, 45, &c. 

Mubnerite. 

N.B. — In (9) upwards of 3 
c/c Manganese is missed by using 
borax, and not even detected by 
Soda afterwards. 


12. Powder in B. Acid O.P. 

(a) Gr(iat efi’crvcscence, with 
smoke,” and garlic smell and 
suffocating odour at the same 
time {Arsenic Acid; and, as proved 
by its blue p.c. with copper oxide 
O.P. Ch lor ini). Bead milk-white 
enamel-like, opaque (cannot bo 
due to alumina and lime ; so pro- 
bably Lead). 

{h) Fragment on A1 plate O.P, 
fuses, with choking and garlic 
fumes, and copious yellow, 
brown, and white subt., first and 
last turning permanently brown 
in P.P. (large proportion of 
Lead). 

{c) Grey, metallic malleable 
ball, with crystalline facets 
cooling. {Phosphate of Lead ; 
confirm by adding K carbonate, 
K pyrotungstate and potiish to 
bead {a) H.P., when a turquoise- 
blue opaque bead shows Phos- 
phoric Acid), 


11. A substance with luetallio 
glance. 

{a) In B gives no H 2 O, and 
does not change. In forceps 
melts slightly on tho edges. 
Gives no sublimate on C. 

(b) In tho OF in borax, gives 
tho Mn reaction, and in liF, 
reactions for Fc. 

(r) In P salt OF, gives tho Fe 
reaction, as Mn does not colour 
the bead so strongly in P salt as 
in borax. 

{(1) In the BF got a red bead, 
which showed that either Ti 02 or 
WO3 was there ; but titanic Fe 
does not melt in the forceps ; this 
did, so 

('riie mineral is Manganese Wol- 
fram.) 

12. The substance is yellow, 
with a crystalline structure. 

(tf) In B decrepitates and 
changes colour a little, but gives 
off no II 2 O. 

{b) On C gives a smell of As, 
and smokos ; which settles as a 
sublimate some distance off, whilo 
nearer the assay there is a yellow 
sublimate of PbO, and a globule 
of Pb is left behind. 

(e) With CuO on C it shows a 
trace of Cl. 

(Arsenate of lead, or MUnetite.) 

N.B. — Here, probably, a con- 
siderable proportion of phos- 
Xihorio acid is missed. 
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8, 72, 238, &0. 

Mimetite, 

Analysis hy Eammehherg . — ^Pbs 
AsOc 71-70, PbaPzOc 19-00, Pb 
Cl 9-45 = 100-16. 

13. Powder in B. Acid O.P. 

{a) Groat effervescence with 
‘‘smoko,’* and choking smell; 
with OuO a sky-blue p.c. {Chlo- 
rine). 

{b) Dark blue p.c. from powder 
at bottom of bead, and enamel- 
like matter {Lead), 

{c) Fragment on A1 plate O.P. 
Choking white fumes (large pro- 
portion of Chlorine), dark blue 
p.c. from assay {Lead) : no subt. 
(no arsensic, &c.) : with C slip, 
copious yellow, brown, and white 
Bubts. first and last turning brown 
in P.P. (large proportion of load). 

225, 226, 228, &c. 

Cotunniie, 

Anabfsis hy Covclli , — Cl 26*6, 
Pb 74*6 = 100. 


14. Powder in B. Acid O.P. 

{a) Minute black opaque frag- 
ments ; on addition of soda H.P. 
dissolves to green bead ; lines in 
spect. Fig. 97. {Pure Uranium 
Oxide ) . 

N.B. — A large proportion of 
Iron, and other things, might 
have been present without detec- 
tion by the borax assay. 


16. Powder in B. Acid O.P. 

(fl) Slight ebullition and fumes, 
with choking smell; blue p.c. 
with CuO, and heated with drop 


13. Substance is of a grey 
colour, with a glassy lustre. 

{a) In B it melts, giving off no 
H 2 O. 

{b) On 0 molts, affording first 
a yellow sublimate of Pb, and 
outside a thick white one, which 
is pretty volatile. With KOO, 
it is quickly reduced, leaving a 
globule of lead. 

{c) In B with soda gives no 
smell, and nothing is deposited on 
the tube. 

{d) In the open tube gives off 
a white sublimate, which, treated 
before the blowpipe, aggregates 
into drops ’'of a white or grey 
colour; opaque. 

{c) With CuO gives a strong 
Cl reaction. 

(I therefore suppose the sub- 
stance to be PbCl.) 

14. The substance is an orange 
powder. 

{a) In B changes to a liver 
colour, and gives off* II 2 O. On C 
no sublimate, and with soda or 
KOO, is not reduced to metal, but 
makes a sort of slag. 

{b) In OF in borax, is yellow 
when cold; in KF, yellow with 
green tinge. 

{c) In OF in P salt the bead 
is greenish-yellow ; in EF emerald 
green. 

{d) The borax bead with zinc 
on C becomes green. 

(Substance is, therefore, oxide 
of Uranium.) 

16. A green wax-like sub- 
stance. 

{a) In B decrepitates, and gives 
off* no HjO. 
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of water in glass bulb, attacks 
the glass {Chlorine and Fluorine). 

(i) A large transparent yellow 
ball {Lime and Lead-phosphate \ 
no other substance with its high 
specific gravity — 6 to 7— afford- 
ing a ball here) ; on addition of 
K carbonate, K pyrotungstate 
and potash H.P. a blue bead 
{Phosphoric Acid). 

(c) Fragment on A1 plate O.P# 
fuses to a b:«ll with crystalline 
facets on cooling {Lead-phospheUe ) ; 
with C slip and soda, a copious 
yellow, brown, and white subt. ; 
first and last colours turning 
permanently brown in P.P. {large 
proportion of Lead) ; a compara- 
tively large grey metallic squeez- 
able ball {large proportion of Lead). 

1, 24, 72, &c. 

Pgromorphite, or Polysphmrite. 
Analysis of Polysphcerite by 
Kersten.^V\>zV20e 77*02, Pb Cl 
10*84, OaF 1*09, CaaPaOs 11-05 
= 100 . 

16. Powder in B. Acid O.P. 

{a) Nearly all yellow opaque 
fragments: blue after II.P., which 
afford an amethystine colour on 
large addition of P. Acid, H.P. 
{nearly the whole j Titanium Oxide ) : 
a very few brown-black opaque 
balls {a very little Iroi). 

85, 86, granite, &c. 
liutile. 

Analysis by II. Pose, — TiOa 
98*47, F 03 O 3 1*53 = 100. 


17. Paste on A1 plate O.P. 

{a) No sublimate : (no arsenic, 
&c.) 

(h) With 0 slip, O.P. copious 
yellow, brown, and white subts., 
first and last becoming brown in 
P.P. {large proportion of Lead) : 

(c) dark blue p.c. from assay 
{Lead). 


{h) In forceps melts easily, 
colouring the outer flame blue. 

{<) On C melts to a white crys^ 
talllne bead, and with KOO gives 
a bead of lead. 

{d) lilixed with CuO in OF on 
C, gives a strong reaction for 
chlorine. 

(Substance is Pyromorphite.) 

N.B. — All the P 2 O 5 apparently 
missed here, unless the expression 
“ crj^stalline bead” refers to it. 
A lead mineral melting easily ” 
in platinum forceps indicates ruin 
to the latter I 


16. A reddish mineral, with 
metallic glance. 

(</) In B docs not give off II 2 O. 
and does not decrepitate. In for- 
ceps infusible. 

{b) On C, gives no sublimate; 
with soda, melts to a reddish 
bead. 

(6*) In borax, in OF, gives the 
Fe reaction; and in RF the colour 
goes away, or nearly so. 

{d) In P salt in OF gives a 
colourless bead; in RF, a beau- 
tiful violet colour. 

(The mineral is Rutile.) 

17. A yellow earthy-looking 
substance. (High specific gra- 
vity.) 

{a) In B changes colour a little ; 
on C got a sublimate of l*b ; the 
assay melted, and there was trace 
of a lighter sublimate in the dis- 
tance. 

(5) To see what was with the 
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(d) Powder of the crushed resi- 
due — after volatilisation of lead — 
in B. Acid O.P. : green frag- 
ments, unchanged by H.P., and 
dissolving to a green head (pink 
hot) on addition of soda O.P. 
{Chromium^ 

85, 86, granite, &c. 
Crocoisite. 

Analysis hy Ifaff . — C 1 O 3 31*76, 
PbO 67*91 z= 99-64. 

18 . Powder in B. Acid O.P. 

(a) Large black fragments, vdth 
yellowish matter round them {pro- 
bably Tungsten or Molybdenum ) : 
on addition of limo-powder, O.P., 
balls, coloured dark brown after 
H.P. (Molybdenum). 

(h) Paste on 0 slip, A1 plato, 

O. P., \ copious pale Htraw-ycllow 
subt., turning dark blue when 
touched for a second by II.P. 
(lurge proportion of Mohjhdcnwn). 

(c) Subt. of (^), scraped off, in 

P. Acid, O.P., "with small quan- 
tity a blue bead; with more, 
bluish greo!) (Molyhdemim). 

8, 24, 72, &c. 

Mohjbdite. 

Chem. Comp. Mo 65*71, O 34-29 

= 100 . 

N.B. — Ought to be no lead here. 


19 . Powder in B. Acid O.P. 

(d) About nine-tenths white 
fragments, unaltered by H.P. ; 
unaltered by calcium borate (not 
Al, and probably, on account of 
its great specific gravity — G to 7 
— Ttfi) : one or two small brown 
fragments (frace of Tantalum) : 
one or two brown opaque balls, 
with rusty matter (trace of Iron ) : 
one or two brown transparent 
balls, colourless after H.P. (trace 
of Manganese). 

(5) Fragment on Al plato O.P., 
metallic sweat without subt. 


lead, added a little borax glass to 
the ^ag left on the C, and treated 
to OF, when a green bead was 
produced. This could only be 
Cr20.3 orVOs. To prove which 
it was, treated some of the original 
ore to OF in P salt, when it was 
coloured green. 

(Substance is Crocoisite.), 


18. A yellow earthy substance. 

(a) In B decrepitates forcibly ; 

gives off H 2 O. On C got no sub- 
limate but that of Pb with a few 
metallic beads of lead. 

(h) Then tried it with borax 
glass, when I got a dirty colour, so 
tried it in a bead of borax, and 
reduced it on C, when a black bead 
was produced with some white in 
it from the lead oxide, which 
spoke of tho presence of MO3. 

(c) To prove this, dissolved somo 
of the powder in P salt, and got 
in tho OF a green colour, which 
with the other reaction proved 
tho presence of MO3. 

(d) Then dissolved some of tho 
mineral in KHSOi diluted with 
11 2 O, and then added a piece of 
zinc, when I got a blue colour 
from tho formation of a lower 
oxide of tho MO3. 

(The substance is Mohjbdan~ 
ochre.) 

19. A brown mineral with me- 
tallic, or rather resinous, glance. 

(a) In B decrepitates feebly; 
gives off no H 2 O. 

(b) On C gives a white subli- 
mate which is not volatile, and 
which, with Co solution, gives a 
bluish-green colour. In the for- 
ceps it does not melt ; but a w-liite 
clllorcsccnce comes out upon it. 

(c) In OF with soda melts to a 
slag : but in IIF with KOH got a 
bead of white metal which was 
malleable. 

(The substance is Cassiterite.) 
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(7V»J : white efflorescence on as- 
say in cooling (Tin) : with 0 slip, 
soda, and K cyanide : a whitish, 
metallic, squeezable ball (large 
proportion of Tin), 

8, 34, 72, 238, &c. 

Cassiterite, 

Analysis by Berzelius. — SnO* 
93-6 ; taOs 2 4, Fe203 1*4, MnOa 
0*8 z= 98-2. 


20. Powder in B. Acid, O.P. 

(a) ^bout nine- tenths, small, 

transparent, colourless, sago-like 
balls, surrounded by semi-trans- 
parent viscid matter (about nine- 
tenths Zinc) : a few brown trans- 
parent balls, colourless after li.P. 
(a little Manganese) : one or two 
brown-black opaque balls with 
rust-liko matter {^race of Iron). 
llo, 108, 112, &c. 

Zincite. 

Analysis by Hayes. — ZnO 93*48, 
MnO 5*50, Fe 203 0*80 = 99*78. 

21. Paste on A1 plate, momen- 
tary O.P. 

(a) Smell of SO 2 (Sulphur) : 
O.P. without fusing : a consider- 
able snow-white efflorescence over 
assay on cooling (considerable pro- 
portion of Tin) : a slight white 
sublimate, yellow hot ; affording 
Bi4 go-like balls in B. Acid, O.P. 
(a little Zinc) : 

(b) With K carbonate, in can- 
dle P.P., after volatilisation of 
all the sulphur, a pink-tinged 
opaque bead (considerable Iron) : 
with strong H.P. — still on bare 
plate — copper-red oxide, and a 
bronze metallic ball (considerable 
proportion of Copper), Confirmed 
by luminous blue-green p.c. in 
B. acid. 

8, 24, 72, 238, &c. 

Stamiite, 

Analysis by Tammelsberg . — S 
29 05, Sn 25*65, Cu 29*38, Fe 
6*24, Zn 9*68 = 100. 


N.B. — Here traces of Tanta- 
lum, Iron, and Manganese were 
probably missed* 


20. A reddish mineral, with re- 
sinous glance. 

(a) In B does not decrepitate. 
On C gives a sublimate which is 
green on moistening with Co so- 
lution. 

(A) In forceps infusible. With 
P salt and borax gave a man- 
ganese reaction. 

(The substance is Bed Oxide of 
Zinc) 


21. A dull grey semi-metallic 
looking mineral. (High Sp. Gr.) 

(a) In B gives off S, which 
settles on the tube. In open tube, 
S burns over the assny ; also a 
Avhito sublimate, which settles on 
the tul)e. 

(b) Oil C, I got a tliick white 
sublimate which settled close 
round the assay, and on being 
wetted with Co solution gave a 
bluc-greon colour ; so there is evi- 
dently Sn present. I'here was no 
subliinuto farther off from the 
assay. 

(6‘) In borax the white oxide 
was slowly dissolved to a colour- 
less bead, which was imchanged 
in the IlF on C. In P salt melted 
slowly to a clear bead, so I only 
found S and Sn. 

(The mineral is Stannite,) 

N.B. — Large proportion of 
Copper missed here ! 
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22. Paste on A1 plate, momen- 
tary O.P. 

1^) Smell of SO 2 {Sulphur) 
O.r., a yellowish-red subt. which 
■whitens in P.P., but affords a 
black spot to O.P. {Antimony 
Sulphide) : a copious ■white subt., 
instantly blackened by O.P. {Jiarge 
proportion of Antimony) : ■with C 
slip, O.P., copious yellow, brown, 
and white subts., first and last 
turning brown in P.P. {large pro- 
portion of Lead) ; on addition of 
soda, H.P., a red, metallic, squeez- 
able ball {considerable proportion of 
Copper), 

8, 24, 72, 238, &c. 

Boumoniie, 

Analysis by H, Rosd, — S 20‘31, 
Sb 26-28, Pb 40-84, Cu 12-65 = 
100-08. 


23. Fragment on A1 plate, mo- 
mentary O.P. 

{a) Smell of SO 2 (Suljyhnr ) ; 
O.P., a copious wliite subt., vola- 
tilising in H.P. with garlic snioll 
(Large proportion of Arsenic) ; w’ith 
6 slip, no further subt. (no other 
volatile metal). 

^ {b) After roasting on bare pbite, 
till S and As have been vola- 
tilised, the residue crushed, and 
powder in B. Acid O.P., tho 
whole, brown-black opaque balls, 
■with rust-like matter {the whole 
residue Iron). 

8, 24, 72, 238, &c. 
MispickcL 

Analysis by Stromeyer. — As 
42-88, S 21-08, Fe 36-04 = 100. 

24. Probably common 

40, 105, 72, &c. 

Ryrite ; 

analysis same as above, minus the 
arsenic. 


22. A grey mineral, with me- 
tallic glance. 

^ (a) In the B got nothing par- 
ticular. In open tube a strong 
smell of S 02 , with a sublimate of 
Sb, and some grey drops. 

[b) On C got first a sublimate 
of Sb, then one of Pb, and finally 
a bead of Cu -wuis left. Did not 
perceive a smell of As, nor had 
any colour in the tube to indicate 
its presence. Thus S, Sb, Pb, 
and Cu are present. 

(Tho mineral is BoumoniU,) 


23. A greyish-white mineral, 
wiili metallic glance. 

(<?) In B gives off a red subli- 
mate with smell of As (AsS), tluui 
a miiTor of As. In open tube 
gives off SO 2 and forms a sub- 
limate of As and S. 

(h) On 0 melts to a head, giv- 
ing off As and S. The bead is 
magnetic and has a rough sur- 
face. 

(c) The roasted mineral in P 
salt and borax gives tho Fe reac- 
tion, and nothing else. 

(Must bo Mispickel.) 


24. A mineral from Pampelli, 
Corsica. 

(f/) In B gives off S. On 0 
molls to a magnetic ball, giving 
off fumes of S 02 . In forceps, is 
with difficulty melted on the 
edges. 

{h) Is slightly magnetic before 
roasting. 
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(c) In 'borax and P Balt got only 
the Fe reaction. 

The mineral does not appear 
to be a magnetic pyrites, for that 
gives off H 2 S with HCl, and this 
does not, but it may be a combi- 
nation of a magnetic oxide with 
some sulphide. 

25. Powder in B. Acid O.P. 25. Ablack rotten-looking pow- 

(a) Large number of brown der. 

transparent balls, colourless in ^ (<5^) In B decrepitates, and 
II. P. ijtarge proportion of Man~ yields H 2 O. In forceps does not 
ganese) : considerable number of melt. 

opaque black balls, violet after {h) In borax, OF, got a red- 
H.P. {considerable proportion of violet colour which was not pure, 
some brown-black opaque so supposed Mn was there. In 

balls, with rust-like matter {a little the KF, the Mn colour left, and a 

Iron) : luminous blue-green p.c. beautiful blue remained alone, 
with a few blue-black opaque Tried them with soda and 

balls ; coppery suffusion after saltpetre on Pt. foil, and got IMu 
H.P. {a little Copper). N.B. — reaction. Then with soda on 0 

The above must be boiled out of got a slight trace of S. 

the first bead in consequence of (The substance, therefore, is 
the largo quantity of opaque grey Cobalt.) 

matter formed {chemical water), N.B.— Only a very practised 

and applied to a second bead, ‘‘ hand” w'ould detect Mn in prev 

O. P, sence of Co in borax. Cu and Fo 

61, 72 , 24, &c. apj)car to have been missed hero. 

Wad. 

Analysis b y Mam. m chberq. — MnO 
40-0o, 09*47, FC 2 O 3 4*5G, CoO 
19 46, CuO 4-35, H 2 O 21*24, K 2 O 
0-37 = 99-94. 

26. Fragment on A1 plate, mo- 26. A black mineral, with sub- 
men tary O.P. metallic glance. 

(rt) No smell of SO 2 (no sul- {a) Very dillicultly melted in 
phur) : minute metallic sweat forcc'ps. In IJ gives a sublimate 

{trace of Bismuth) : O.P., faint of 8. On C docs not change or 

white subt. volatilising in H.P. give a sublimate, 

with garlic smell {b) In borax, OF, is dissolved 

with C slip O.P., a littlo yellow with dilhcultj’-, and gives an Fe 

and white subt. turning brown in reaction. Jn RF also an Fo re- 

P. P. {a Utile Lead). action. In P salt, got in OF a 

{b) Tho residue, after roasting, yellowish-green coloured bead, 

crushed to fine powder, in B. which changes in RF to a bcauti- 
Acid O.P., nearly four-fifths (of ful emerald green. This tells us 
original powder) minute black it is Uranium, and thcro is only 
fragments ; affording on addition one mineral of this nature — Uran^ 
of soda O.P. a yellow bead, green pecherz. 

after H.P., and thick absorption N.B. — ^It seems rather a strain- 
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bands at B, Eb, and F — see Fig. 
97 — {nearly four-fifths Uranium ) : 
very few brown-black opaque 
balls with rust-like matter {a very 
little Iron) ; very few transparent 
balls, opaque hot, palo green 
cold (a very little Linwy with trace 
of Magnesia y containing Iron prot^ 
oxide). 

Powder in pink P. Acid 
P.P. all dissolved but a few spi- 
culae {a little Silica) : bead a mix- 
ture of green and pink {no AlkaU 
or Alumina). 

8, 24, 72, &c. 

Uraninite. 

Analysis hy Rammelsherg. — TJO, 
TJ 2 O 3 79*15, FeO 3*90, CaO 2*81, 
MgO 0*46, SiOa 6*30, Pb G 20, 
As M2, Bi 0-65, II 2 O 0 30 = 
99*61. 

27. Fragment on A1 plate, mo- 
mentary O.P. 

(a) Smell of SO 2 {Sulphur ) : 
O.P., no subt. (no arsenic, &e.) : 
with C slip O.P., no subt. (no 
volatile metal) : 

(h) Boasted powder in B. Acid 
O.P., the whole residue — about 
three-fifths of original powder — 
brown transparent balls, colour- 
less after H.P. {about three-ffths 
Manganese ; thereforCy nearly two- 
fifths Sulphur). 

(Quartz veins) 
Alahandite. 

Analysis by Arfvcdson. — S 37*9, 
Mn 62*1 = 100. 

28. Powder in B. Acid O.P. 

(a) Slight fumes with smell of 

SO 2 {Sulphur) : no garlic smell 
(no arsenic) : after gentle roasting 
to eliminate the S, about three- 
fifths original powder, small, 
transparent, colourless, sago-like 
balls, surrounded by semi-trans- 
parent viscid matter {about three- 
fifths Zinc) : one or two larger 
transparent balls, emitting woolly 
matter turning reddish after H.P. 


ing of the term to call this a 
“ Blowpipe Analysis.” Many 
minerals would have afforded re- 
actions for Iron and Uranium; 
the only two procured here. 


27. A black vitreous mineral. 
(High Sp. Gr.) 

{a) In B a very small subli- 
mato of S. In open tube got a 
lot of SO 2 . 

{b) On C gave no reaction 
alone, but after roasting, the re- 
mainder dissolved in borax gave 
a red-violet bejid. This colour 
vanished in the KF, so there was 
nothing there but Mn. There 
are two Mn minerals combined 
with S, MnS, and MnS 2 , but the 
latter gives off more S, and has a 
red streak on porcelain, whereas 
this has a green one. 

(The mineral is Manganblende.) 

28. A mineral, with resinous 
glance. 

(//) In B decrepitates, and gives 
off some As as suboxide. In open 
tube gives fumes of AsOa and 
SO 2 , which redden litmus paper. 

{b) On C, OF, gives a white 
sublimate which is yellow while 
hot, and with Co solution turns 
green. 

(c) In borax gives an Fe re- 
action; in P fi^t ditto. 80 we 
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(a very little Cadmium ) : very few 
brown-black opaque balls with 
1 ust'like matter {a very little Iron)* 
65 f 136, Ac. 

Sphalerite, 

Analysis by Lowe . — S 33*16, Zn 
61-40, Fe 2-29, Cd 1*60 = 98*34. 

29. Fragment on A1 plate, mo- 
mentary O.P. 

(a) Smell of SO 2 {Sulphur ) ; 
O.P. a yellowish red subt., which 
whitens in P.P., but affords a 
black spot to O.P. {Antimony Sul- 

a : a copious white subt. in- 
y blackened by O.P. {large 
proportion of Antimony ) : 

{b) Residue after elimination of 
the Sb, powdered, in B.AcidO.P., 
about one-eighth original powder 
brown-black, opaque balls, with 
rust-like matter {about one-eighth 
Iron). 

204, 216, 220, &c. 
JBerthierite. 

Analysis by Lettko . — S 29*27, 
Sb 67-88, Fe 12*85 = 100. 

30. Fragment on A1 plate mo- 
mentary O P. 

{a) Smell of SO 2 {Sulphur)'. 
O.P. a faint, fixed, white subt., 
which, scraped oft‘, affords in B. 
Acid O.P. sago-like minute trans- 
parent balls, in semi-transpa- 
rent viscid matter {a very little 
Zinc ) : with C slip, O.P., a co- 
pious white subt., instantly 
blackening in O.P. {a considerable 
proportion of Antimony) : a few 
streaks of rose-coloured sublimate 
below the w^hite {trace of Silver ) : 
with K carbonate on the bare 
plate, candle P.P., a pink-tinged 
mass {a little Iron) : the mass on 
C slip H.P., a comparatively 
large, red, metallic, squeezable 
ball {large proportion of Copper). 
24, 72 , 238, granite, &c. 
Tttrahedrite. 

Analysis by Bruno Kerl.— S 
25*82, Sb 28*78, Cu 37-96, Fe 
2-24, Zn 2*62, Ag 0*67 = 97-98. 


found Fe, Zn, S, and As. (Zino 
Blende.) 


29. A bluish-black mineral; 
metallic lustre. 

{a) In B got a cherry red sub- 
limate of sulphide of Sb. In open 
tube SO 2 and SbO. 

{b) On C, SbO goes off, and an 
unmeltcd mass was left behind 
wuth a slight smell of B*S. This 
mass pounded and tried in borax, 
gave an Fe reaction. 

('1 he mineral is, therefore, Ber- 
thiei'ite.) 


30. A steel grey mineral, with 
metallic lustre. 

(a) In B got sublimates of SbS 
and AsS ; in the open tube, of 
SbO, SO 2 , and AsOa. 

{b) On C got a sublimate of Sb, 
some distance from the assay, and 
nearer, a sublimate of Zn, moved 
by Co solution. I'he As goes ofl 
first, then the Sb, then the Zn. 

(c) The bead that remained 
after the Zn had gone off was 
ground up and roasted, as S is 
still left in it ; the roasting, of 
course, on charcojil. 

{d) I then treated in borax, and 
found the bead coloured green- 
blue. Knocked off the bead, and 
reduced on C (without Sn, must 
blow at least ten minutes). The 
Cu is then reduced as metal, and 
falls to the bottom ; if nothing 
more is there, the bead will then 
bo colourless. 

(The mineral is FahUrz). 
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81. Fragment on A1 plate, mo- 
mentary O.P. 

(fl) Smell of SO 2 {Sulphur ) : co- 
pious white suht., volatilising in 
H.P. with garlic smell [large pro- 
portion of Arsenic ) ; with C slip 
no further suht. (no other volatile 
metal). 

(i) After volatilisation of S and 
As, crushed residue in B. Acid 
O.P., about one-fourth original 
powder, black opaque halls, violet 
after H.P. [about o>?e-fourih Co- 
balt) : a few brown-black opaque 
balls, with rust-liko matter [a 
little Iron). 

8, 238, 24, 72. 

Cohaliite. 

Analysis by Stromeyer . — S 20*08, 
As 43*46, Co 23*10, Fe 3*23 = 
99*87. 

32. Spaniolite or Mercuriferous 
Tetrahedrite. (See No. 

1 to 17 per cent.) 

N.B. — The appearance of the 
mineral must have helped him to 
form the rather sudden conclusion 
arrived at. 


33. Paste on A1 plate momen- 
tary O.P. 

(a) Smell of SO 2 [Sulphur ) : O.P. 
a white suht., yellowish over black 
in the centre ; the black whiten- 
ing, the white instantly blacken- 
ing in O.P. [considerable proportion 
of Antimony ) ; with C slip O.P., 
magnilicfnily coloured, crimson 
splaslies in the above white subt., 
unchanged by P.P. [large propor- 
tion of Silver) : with K caibonate 
and candle P.P., after the S has 
been eliminated by P.P. on the 


31, A grey mineral, metaUio 
glance. 

(«) In B gave off S, no As, 
In open tube SO 2 and AsOs. 

(/>) On C fuses to a bend, dark 
grey, giving off fumes of SO 2 and 
AS63. 

(c) In borax gives Co reaction ; 
tried it on C with borax glass for 
some time, but could not reduce 
the Co to got a Ni reaction; so 
think the mineral is 

(CoAs, C 0 S 2 , or Cobaltine.) 

N.B. — Curious that 43 c/c 
of As should have been missed 
here, in G.B. 


32. A black mineral, with me- 
tallic glance. 

[a) In B dccropitatos, and gives 
a black sublimate, which may bo 
suboxide of As or ITgS. In open 
tube got a sublimate of Sb, and a 
ring of llg ; got also SO 2 and a 
strong smell of As. The metallic 
ring shows that the black oxide 
in the shut tube was formed hy 
Hg, for no other substance would 
give a ring of metal in the open 
tube. 

(Proceeded no further, but the 
mineral is evidently Spaniolite). 

83. An iron black mineral, with 
metallic lustre. 

[a) In B nothing particular. 
In open tube, smoU of SO 2 , and 
a large deposit of SbO.'i. 

[It) On C a trace of AsOa, and a 
sublimate of SbOs, which was 
coloured red — brownish n(;ar the 
assjiy — and a large “ kern ” of Ag 
remained hehkid. Thus we had 
S, As, Sh, and Ag; so that the 
mineral can either be dark Fyr- 
argyrite, or Melanglanz. To find 
the difference, try the streak on 
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bare plate, a pink-tinged bead 
{trace of Iron) : with pure blue 
il.P. covering the assay, a pro- 
portionately large, pure white, 
metallic ball {ver^ large proportion 
of Siher), 

84, 72, 8, 238, &c. 

Stephanite. 

Analysis by Bruno Kerl. — S 
16-51, Sb 15-79, Ag 68-38, FeO 
0-14 = 100-12. 

34. Paste on A1 plate (on ac- 
count of metallic lustre, specific 
gravity, &c.), momentary O.P. 

{a) SmcU of SO 2 (iSulpImr) : 
metallic sweat {Bismuth) : O.P., 
white subt. volatilising in H.P. 
with g.'irlic smell {Arsenic) : white 
Buht. instantly blackening in 
O.P. {Antimony) : with 0 slip, 

O. P., yellow and white subt., only 
darkening temporarily in P.P., 
and scraped off, giving brown 
streaks to B. Acid O.P. {Bismuth). 

(/;) Residue after roasting in 

P. P., powdered, in B. Acid O.P. 
blfick opaqTie balls, violet after 
Il.P. {Cobalt) : luminous blue- 
green p.c., and blue black opaque 
balls with coppery suffusion after 
H.P. {Copper) : green fragments, 
with wdiite incUiUic lustre after 
H.P. {Nickel) 

35. Filings in B. Acid O.P. 

{a) Instantaneous, luminous, 

blue-green p.c., with blue-black 
opaque balls, having a coppery 
suffusion after H.P. {Copper) : 
small, transparent, sn go-like balls, 
in semi-transjiarcnt viscid matter 
{ZAnc) : brown-black opaque balls, 
with rust-like matter {Iron) : 
green fragments with white me- 
tiillic lustre after Il.P. {Nickel). 

N B. — Instead of “a trace,’* 
there is 40 per cent, of Nickel in 
Argentine. 


porcelain ; the former gives a red 
streak, the latter a black one. 

^ N.B. — The idea of referring 
from the analysis to the streak of 
a mineral is worthy of * * but 
not of Mr. H. 


34. A dark grey metallic pow- 
der. (High Sp. Gr.) 

{a) In B nothing notable. In 
open tube, got SO 3 , As, and trace 
bb. 

{h) On C a strong smell with 
fumes of As, and a sublimate of 
Bi and JSb. 

{<) On C with borax glass, got 
first a strong colour of Co, then, 
after long blowing, a reaction for 
Ni. 

{d) 'With P salt a weak reaction 
for Cu. So in this mixture there 
is 

(S, As, Sb, Bi, Co, Ni, and Cu.) 

N.B. — Query. How much loss 
of time and p.'itience does “ long 
blowing” indicate? 


35. An alloy. 

(a) On C got a very strong 
dcjwsit of ZnO, and the metal 
melted with difficulty to a bead 
which was rough on the surface. 

(/y) In borax glass, got an Fo 
reaction, or only a trace of what 
might be.NiO. 

(r) In P salt had a strong re- 
action for Cu, so I found only Cii, 
Fe, and Zn ; but the bead of P 
salt was in OF coloured green, 
from the yellow of NiO combined 
with the blue of CuO, so judge 
the alloy to bo 

{Argentine^ or German Silver.) 
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36. Fragment on A1 plate O.P. 

(a) A considerable white subt. 

which, scraped off, affords small, 
sago-likc, transparent balls in B. 
Acid O.P. {considerable proportion 
of Zinc ) : 

(/>) Powdered residue after 
roasting, in B, Acid O.P., about 
two-thirds brown-black opaque 
balls with rust-like matter (abnut 
two-thirds original powder, Iroii ) : 
about one-sixth brown transparent 
balls, colourless after H.P. {about 
one-sixth Manganese ) : 

8, 24, 72, 238, &c. 

Franklinite. 

Analysis bif lierthier . — FcjOa 
66 0, Mn 203 16-0, ZnO 17-0 = 
99-0. 

37. Powder in B.'Acid O.P. 

(a) Fumes, with choking smell, 

giving sky-blue i).c. on addition 
of CuO O.P. {large proportion of 
Chlorine) ; the black, opaque, 
copper oxide balls are partly dis- 
solved, showing presence of much 
alkali, which, as the normal green 
p.c. is unchanged, must be {Potas- 
sium). Confirmed by violet p c. 
of powder in O.P. 

88. (See Analysis No. 22.) 


39. (See Analysis No. 21.) 

N.B. — Mr. II. is more lortu- 
Tiate in detecting the Copper this 
time, in No. 39, than he was in 
No. 31. 


36. A black mineral, with me- 
tallic glance. 

{a) Infusible. Is magnetic 
after roasting in RF. Dissolves 
with difficulty in HCl with smell 
of CL 

(/>) In borax gives Mn and Fe 
reactions. In P salt the same. 

(«r) On Pt. foil with saltpetre 
and soda, gives a strong Mn re- 
action. 

{d) With soda on C in RF, 
gives a faint reaction for Zn, so 
the mineral must be 

{Franklinite.) 


87. A white crj’^stalline salt. 

(«) In B gives off H 2 O, decre- 
pitates and melts ; with KIISO4 
gives a strong smell of Cl. On Pt. 
wire colours the flame violet (KO). 

(i) A crystal moistened with 
HSO 4 gives the orange-yellow 
tinge and peculiar smell of chlo- 
rates. 

(The substance is, therefore, 
KCiOa.) 

38. A black-grey mineral, with 

metallic glance. 

{a) Gives a strong antimonial 
smoke, which smells a little of 
As. 

( b) Dissolved in HN O3 and then 
found S separate, arid on diluting 
the solution with H.;0, got a pre- 
cifiitate of SbO. On separating 
this, with IISO4 got a precipitate 
of PbS04, and finally with am- 
monia, the blue of Cu. 

(The mineral is, therefore, Bour- 
nonite.) 

89. A dark grey mineral, with 
semi-metallic glance. 

{a) In B with good heat, got a 
sublimate of S and notliing else. 
In open tube a smell of SO2. 

(^) On G melted to a bead 
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40. Frapfmcnt on A1 plate, mo- 
mentary O.P. 

(a) Smell of SO 2 {Sulphur ) : 

O. P., a copious white subt. vola- 
tilisinjj in H.P. with garlic smell 
{large proportion of Arsenic) ; when 
the greater part of the As has 
been eliminated by O.P., and 

P. P. applied, an ni)plo-grccn, 
capillary oxide over the whole 
assay {Jarge proportion of Nickel ) : 
a slight white subt., which turns 
instantly black in O.P. {a little 
Antimony), 

{b) Powdered residue in B. Acid 
O.P., almost all green fragments 
with metallic lustre after H.P. 
{almost all the residue Nickel) : one 
or two black opaque balls, violet 
after H.P. {trace of Cobalt), 

8 , 24, 72, 238, &c. 

NiccoUte, 

Analysishy lierthier. — As 48*80, 
Ni 39-94, Co 0-16, Sb 8 * 00,8 2*00 
= 98*90. 


pretty easily, giving a white sub- 
limate of Sn 02 . 

{c) Roasted and tried in borax, 
gives a reaction for Fe. 

{d) In P salt, IIF, with tin, got 
CU2U. 

(e) With soda and borax, got a 
bead of imperlectly malleabla 
copper. 

(The mineral is Stannite.) 


40. A pale reddish mineral, 
with metallic glance. 

{a) In B gives off As and forms 
a mirror. In the open tube AsOa 
in large quantities. On C melts 
to a grey bead and gives off lots 
of AsOa. 

{b) In borax, a reaction for Co. 
Could not see any for Fe, but 
after a few times treating got the 
Ni reaction. 

(c) Tried for Cu with P salt, 
but got no reaction. Thus As, 
Co, and Ni, were found ; lots of 
As, a trace of Co, and much Ni. 

(The mineral is, therefore, A\V- 
colite.) 

N.B. — Hero wo have 0*16 of 
Cobalt obscuring for a consider- 
able time the leactions of 40 c/c 
of nickel in borax. 


To detect Fhosjdioric Acid» 


41. Apple-green crystal from Spain. 

{a) Powder unattacked in B. Acid O.P. As mineral is soft, try for 
SO 3 or PgOs. 

(/>) Powder fused with Soda on A1 plate, boiled, dried, and treated 
in B. Acid O.P., no eflcrvescence (no SOs). White opaque balls unclari- 
fied by strong O.P. (not Magnesia; and therefore Calcium Thosphate), 
{c) Balls of if) just dissolved by adding specks of K Carbonate O.P., 
and K PjTotimgstate largely added in H.P., a turquoise blue, opaque 
bead on cooling (largo proportion of Phosphoric Acid), Mineral is 
Apatite^ and as it generally contains Cl and F — 

{d) Powder with CuO in P. Acid O.P., an azure-blue p.c. {Chlo^ 
rine ) ; and the bead unrolled from the wire and heated in G.B. with 
a drop of HsO, the neck of the glass is dulled {Fluorine). 

Analysis of Apatite, — CaO 60, PsOs 42*26, Ca 3 97, F 3 77=: 101*00 
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To detect Boric Acid.* 

42. A brownish black mineral (fragment) . 

(a) Powder in P Acid, coloured violet with Titanic Acid by H.P., 
on charcoal to prevent loss of volatile constituents, dissolved nearly to 
saturation, but leaving a clear bead. 

{b) Made a bead of Sodium Pyrotitanate by fusing Titanic Acid 
with Soda on A1 plate O.P. until all effervescence ceased. 

(c) Pused (a) and {b) beads together, on C slip, A1 plate, and added 
some drops H2O ; the mass crystallised a pale but very distinct blue 
colour (3 to 8 c/c Boric Acid), The mineral was Tourmaline: 
the blue reaction (Titanium borate) depends on the well-known facts 
tbatTi02 ‘‘affords in borax 11. F. an enamel blue by flaming,” and “ in 
1*. salt a fine violet colour.” (Plattner). Its yellow fragments also, in 
13. acid O.P., become blue in H.P. See Table III.> 60-36. 


Table XV.— Of some decrepitatingt Minerals. 


1. Anglesite. 

20. Galena. 

2. Aragonite. 

21. Mendipite. 

3. Barite. 

22. Miargyrito. 

4. Boulangcrito. 

23. Plumbogummite, 

6. Boumonite. 

24. Polycrasc. 

6. Calamine. 

26. Pseudo-malachitei 

7. Caleite. 

26. Samarskito. 

8. Celestite. 

27. Spaniolite. 

9. Chalcophyllite. 

28. Sphalerite. 

10. Cheneviscite. 

29. Stephanite. 

11. ChrysocoUa. 

30. Stolgite. 

12. Clausthalite. 

31. Triphyllite, 

13. Conicalcito. 

32. Turgite. 

14. Diallogite. 

33. Turquoise. 

15. Diasporo. 

34. Tyrolitc. 

16. Erynite. 

35. Yanadinite. 

17. Eulytite. 

36. Wulfenite. 

18. Evansito. 

37. Zorgito. 

19. Fluor spar. 



The above Iilinerals are to be powdered between agates and made 
into paste with a drop of water, before being treated B.B. on A1 plate 
or Pt wire. 

* See The Chemical News^ xlvii., No. 1221, page 186, for the 
rationale of these reactions, 
t Latin crepitatuSf participle of crepto^ I crackle. 
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Table XVI.— Quantitative Arrangement of 
Silicates, with Types. 

(N.B. — Important Bases in larger ratio, on the left hand.) 


A. 

1. Aluminic iilxcaten, (a) Andalusite; (i) Chiastolite; (e?) Silli- 

manite ; (d) Cyanite ; (e) Disthene. 

2. jllubnrwtdic silicates, Oural Tourmalines. 

3. AlucdUie silicates, {a) Meionite ; ih) Ekebergite ; (r) Scapolite ; 

{d) Couzeranite; {c) Scolcxerose; (/) Atheriastite ; (y) Zoi- 
fiite; (/i) 8aussurite; (i) Anorthite. 

4. AlucdUiferrih^ivic silicates, {a) Axinite, 

6. Alucdlcisodic silicates, {a) Nepheline ; (i) Elaeolite ; (c) Labra- 
dorite ; {d) Lemanite; {e) Andesine. 

6. Aluferrie silicates, {a) Staurotido. 

7. Aliifcrrimagnmc silicates, {a) Gigantolite ; [b) Iberite ; (e) Fah- 

luriite ; (d) Weissite. 

8. Altifiuoric silicate, {a) Topaz. 

9. Alaglucinic silicates, {a) Emerald ; (b) Euclase. 

10. Alulithic silicates, (a) Triphane; (b) Pctalito. 

11. Alumagnesic silicates, {a) Lindsayite; {b) Sappbirin. 

12. Alumdgnehdric silicates, {a) Carinthian Tourmalines. 

13. Alumdgnecdlcifcrric silicates, (a) Clintonite. 

14. Alumdgnefcrric silicates. (a) Pyropo ; {b) Cordiorito ; (c) Poly- 

chroite; (d) Aspasiolite ; (e) Chlorophyllite; (/) Bonsdorffito; 
(g) Esmarkite ; (A) Praseolite. 

15. Alumangdnic silicate, (a) Carphalite. 

16. Alitpotdssic silicates, {a) Oiihoso; (^) Ceylon moonstone; adularia. 

17. Alupotdssiferric silicates, (a) Retinite ; (i) Finite. 

18. Alupotdssijluolithic silicates, (a) Lepidolite. 

19. Alicpotdssisodic silicates, (a) Gneiss; (5) Lycnite. 

20. Aliipotdssisodifcrric silicates, {a) Perlite. 

21. Alusodicdlcic silicates, (a) Cancrinite. 

22. Alusodicalcisulphuric silicates, (a) Outremer. 

23. AlusodichUric silicates, {a) Sodalite. 

24. Alusodisulphuric silicates, {a) Noseane* 

25. Alusulphicdlcic silicates, {a) Haiiyne. 

26. Alumisodie silicates, (a) Albite. 

0 . 

1. Cdlcic silicates, (a) Wollastonite. 

2. Cdlcidluminic silicates, {a) Gehlenite : {b) Humboldtilite ; M 

Grossularite. 
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3. Cdlcidlumdgneferrie silicates, (a) Idocrase. 

4, Cdkib6rie silicates, (a) Danburite; {b) Datbolite. 

6, Cdlcichrdmic silicates, (a) Ouvarovite. 

6. Cdlciferric silicates, {a) Hedenbergite ; (i) Melanito. 

7. Cdlciferraluminic silicates, {a) Epidote ; (^) Colophonito. 

8. Cdlciglucifluoric silicates, (a) Melinophane. 

9. Cdlcigludsodic silicates, {a) Leucopbane. 

10. Cdlcimagnhic silicates, (a) Diopside; (b) Diallage. 

11. Cdlcimdgndluminic silicate, (a) ,ffidelforsite. 

12. Cdlcimdgndlusodiferrimangdnic silicate, [a) Violane. 

13. Cdlcimdgneferrdluminic silicates, {a) Bronzilo; Paulite; Augito; 

llyporstbene. 

14. Cdlcimangdnic silicates, (^) Jeffersonite. 
lo. Cdlcisodic silicate, (a) Pectalite. 

16. Cdlcititdnic silicate, (a) Sphene. 

17. Cdlcizirconivbic silicate, {a) Wohlerite. 

18. Ccrdluferricdlcic silicates, (a) Allanito; (^) Orthite. 

19. Ch'ildnthdnic silicates, (a) Ccritc; (b) Tritoniito. 

20. Cerildnthdnicdlcititdnic silicate, («) Mosandiite. 


F. 

1 . Thric silicates, (a) Anthosiderite. 

2. Fendluminic silicates, {a) Almandino. 

3. Fcrrdlusiilphuric silicates, {a) Fayalite. 

4. Ferricdlcic silicates, (a) Babingtonito ; {b) Tlvaito, 

6. Ferricdlcidluminic silicate, [a) Hudsonito. 

6. Ferricdlcimagndluminic silicate. (a) Ouralite ; {b) Ilornblende. 

7. Ferricerdlucdlcic silicates. («) Corine. 

8. Fh'rimdgncsdluminic silicate, (a) Gedritc. 

9. Ferrisndic silicates, {a) Achmite ; (b) Arfvedsonite. 

10. Fcrrisodicdlcic silicates, (a) QBgyrine. 

G. 

1. Glueinic silicate, (a) Phenacite. 


H. 

1. Sydric silicates, {a) Opal; (^) Hydrophane; (r) Tabasbeer. 

\a, Hydrdliiminic silicates, {a) Pyrophyllite ; {b) Pholerite; {c) Hal- 
loysite ; {d) AHo])haiie ; (<?) Tuesite ; (/) Sevres clay ; {g) 
Mountain soap ; (//) Smectite; (i) Sinope bol; (J) Meerscha- 
luminite. 

2. Hydrdlubarytic silicates, (a) Harmotome. 

3. Hydrdlucdlcic silicates, (a) Tbomsonite ; (^) Mesole ; (c) Gismon* 

dine; (d) Margarite. 
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4. BjfdrdlueSktpotiuic rilieatM. (a) Fhillipsite; (i) Christianite ; (e) 

Chabasie. 

5. Sydralucaldsidio Btlieates* {a) Mesolito ; ifi) Faujasite. 

6. HydrdlufhritnagfUaie silicates, (a) Cbloritoid; {h) Masonito. 

7. Sydrdlumagnesie silicates, {a) Saponite. 

8. Hydrdlumagnhicdleie silicates, (a) Hornblende. 

9. Hydrdlupotdssio silicates, (a) Agalmatolite. 

10. Sydrdlupotdssimaynesio silicates, {a) Giesceckito. 

11. JSydrdlusodic silicates, (a) Natrolite; Mesotype; {b) Analolias. 

12. Bydrocdleic silicates, {a) Okenite. 

13. B^drocdlcialuminic silicates, (a) Prehnite. 

14. Bydrocdlcipotdssic silicates, {a) Apophyllite. 

15. Bydrocdrhochiferric silicates, (a) Pyrorthite. 

16. Bydrocdprie silicates, [a) Dioptase ; {h) Chrysocolo ; (c) Dillon 

burgite. 

17. Bydroferric silicates, {a) Hisingerite. 

18. By dr of err aluminic silicates, (a) llhodalite; (^) Nontronitc; Glau- 

conite; (d) Thuringite. 

19. Bydroferrdlucdlcimagnesic silicates, (a) Palagouite. 

20. Bydroferrichromic silicates, (a) Wolchonskoite ; (b) Chromoebre. 

21. Bydro/crrimaynaluminic silicates, liipidolito. 

22. Bydrofirrimdynemaaydnic silicates. (^) Cronstedtitc. 
Bydromagncsic silicates. (</) Villaraite ; (/>) Talc; (c) Meerschaum ; 

{d) Picrosmine ; {e) Serpentine ; (/) Schiller spar. 

24. Bydromdgnesdluminic silicates, (a) Saponite; [b) Kammererito; 
(c) Clinochlore. 

2o. Bydromdgncsdlufcrric silicates, (a) Pennine. 

2G. Bydromagnesiferric silicates, {a) Baltimorite, 

27. llydronickeldlumagncsic silicate, (a) Piinelite- 

28. Bydrothoric silicates, (a) Thorite. 

29. Bydroztncic silicates, (a) Calamine. 

30. Bydrozirconic silicates, (a) Malacone. 

31. Bydrozircosodicdlcic silicates, (a) CatapleTte. 


L. 

1. Ldnthanjttrdlucdlciferrie silicates, (a) Orthite. 

M. 

1. Magnesic silicates, (a) Peridot; (b) Chrysolite; (c) Forsterite 

(d) Tephroite ; {e) Eustatite ; (/) Chladnite ; (y) Steatite. 

2. Magndlupotdssiferric silicates, {a) Mica. 

3. Magnesicdlcic silicates, {a) Sahlite; {b) Tremolite; (c) Ashestua; 

(d) Actinote; (e) Hornhlende ; (/) Pargusite. 

4. Mdgnecdlcialuminic silicates, {a) Bucklandite. 

4a. Magnesicdlciferric silicates, (a) Hornblende. 

N 
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6. Magtiitifirne $iUeat»>, (a) Hypersthene; (i) Diaclasite; («) An* 
^ophyllite. 

6. Magnesi/luoric silicates, (a) Chondrodite ; (b) Humite* 

7. Mdgnetitdniferric silicates, (a) Titaniferous peridot* 

8. Mangdluminic silicates, (a) Spessartine. 

9. Mangdnicdlcic silicates, {a) Rhodonito. 

10. Mangdniferrie silicates, (a) Stratopeito. 

11. Mangdnigluciferric silicates, (a) Helvine. 

P. 

1. Fotassdluminic silicates, (a) Amphigene. 

S. 

1. Stannic silicate. («) Cassiterite. 

2. Sodazircocdlcifcrric silicate, (a) Eudialyto. 

T. 

1. Titdnicdlcic silicates, (a) Keilhauitc; {h) Tschefkinite* 

Y. 

1. Y ttr of err icer clan thdnic silicates, (a) Gadolinite. 

2. Yitroferricerdluldncdlcimagnesic silicate, {a) Bodenite. 

Z. 

1. Zincic silicate, (a) Willemite. 

2. Zir conic silicates, (a) Zircon. 


Table XVII. of Typical Mineral Combinations.* 

1. Aluminium. — (o) With Oxygen: Sajiphirc, Cornndum^ Huhy . 

(/3) >> Water: Dxaspore^Gihbsitc^ Tlnmhogummite 

(y) With Fluorine and Soda: CryolitCf ChioUte (no Soda), Topaz. 

(^) ,, Sulphuric Acid ; Alumwite^ Alunitc, Jmvigite^ Kalonite, 

Meudozite, I'schermigite, Ticheringite^ Ajijohnite^ Jios^ 
jemanitCy HalotrichitCy CopiapitCy Voltaiie. 

(«) ,, Phosphoric Acid : I'lirquoisCy Wavcllitey AtiacolitCy 

ChildrenitCy CirrolitCy TeganitCy Fischeritey TavistockitCy 
AiigclitCy AmhlygonitCy Zazulite, Calainitey BarranditCy 
Tlumhorcsinite. 

(0 Silicic Acid: CyanitCy Andalusite, SillimajiitCy Stanrolite, 

OrthoclasCy TourmalinCy %c. 

(n) ,, Silica and Water : T/iolcritCy Meerschaluminite, Allophane, 

Kaoliny Fyrophillite. 

(0) ,, Silica and Fluorine : TopaZy Tyonite. 

(t) ,, Lead: Flumbogummite. 

* By this term is here to be understood a combination either 
chemical or mechanical. 
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f ») With Iron : Emery, 

(X) ,, Mellitio Acid : MelUte, 

(fi) Aluminates : Spinel, Mercyniie, Gahnite, 


2 . 


Antimony. — ( a) Metallic : Native Antimony, 

(P) With Oxygen : Yalentinite 

(y) I, Nickel: Breithauptite, TTllmannite, With Lime and 
Iron: Cervantite. 


(«) 

(*) » 
(?) 

(>/) .. 


Arsenic: Allemontite, TTllmannite, 

Silver : Byacrasite, Froustite, Pyrargyrite, Stephanite, 
Polyhasite, Miargyrite, 

Sulphur : Stibnite, Berthierite, Zinkenite, Plagionite 
Meneghinite, Steinmannite, 

Copper: Bournonite, Tetrahedrite^ Sandberg erite, Chaleo^ 
stibnite. 


(9) ,, Lead : Jamesonite, Berthierite, Boulangerite, Jletero- 

morphite, Plagionite, Zinkenite, 


3. Arsenic. — (a) Metallic : Native Arsenic, often containing traces of 
Bismuth, &c. 

(P) With Antimony : Allemontite, TTllmannite, 

(y) „ Oxygen : Arsenolite, With Copper : Lomeykite, Algo^ 

donite, IVhitncyite, 

{b) ,t Sulphur: Realgar, Orpiment, 

(f) ,, Cohalt Nickel, &:c. : Smaltite, Millerite, Jcypoorite, 

Niccohte, 

S ,, Manganese: Kaneite, 

\ „ Silver : Froustite, 

{9) As Acid with Base : Erythrite, Annabcrgite, 


i. Barium. — ( a) With Sulphuric Acid : Barite, Barytocelestite, JDreelite, 
{p) With Carbonic Acid : Witherite, Barytocalcite, Bromlite, 

(y) „ Silicic Acid : Ilarmotonw, Brewsterite. 

{6) ,, Manganese: Psilomelane, Braunite, Rausmannite. 

5. Bismuth. — ( a) Metallic: Native Bismuth, 

{p) With Tellurium or Selenium : Tctradymite, Joscite, JFehrlite, 
(y) ,, Silver: Chilenite, 

(b) ,, Sulphur: Bismuthinite, Karelinite, 

(t) ,, Cop})er: Emplvctite, Annivite, 

(Q „ Lead : Chiviatite, Kobellite. 

(n) ,, Nickel : Griinanite, liammchhergite, 

(fyj „ Oxygen : Bismuthochre, Karelinite, 

(t) ,, Carbonic Acid : Bismuthite. 

(<c) ,, Phosphoric Acid : Hypochlorite, 

6. Boron. — ( a) With Water : Sassoline, 

(jS) With Soda : Borax, 

i y) ,, Ammonia : Larder dlite, 

b) ,, IStagnesia : Boracite, 

ei „ Lime : Borocalcite, Hydroboraeite, 

(Q ,, Silica: Tourmaline, Axinite, Batholite, 

7. Cadmium. — (a) With Sulphur : Qr^mockitCf Sphulsritv, 

{p) With Oxygen : Calamine^ 
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8. Calcium.— ( a) With Chlorine : Taehhydrite, 

(/ 3 ) With Fluorine : Fluor Spar, Frosopite Titroeerite, 

(y) ,, Sulphuric Acid : Gypsum^ Anhydrite^ Toly halite, 

(o) „ KitricAcid; Nitrocalcite. 

(0 „ Phosphoric Acid; Apatite^ Franeolite, Tyromorphite^ 

Kunkur. 

ro t> Carbonic Acid : Caldte^ Arayonite, Dolomite, 

(17) „ Oxalic Acid : Whewellite, 

Ib) „ Boric Acid : Hayesine. 

u) „ Arsenic Acid : Tharmaoolitej Kiihnite, 

(cl ,, Tungstic Acid : Seheelite, 

fxi „ Antimonious Acid : Romeite, 

[y) „ Columhic Acid : Tyrochlore, 

(v) ,, Titanic Acid : Terowskite, 

(Q „ Silicic Acid : Wollastonite, Auyite, Scapolite, Phrenkite. 

9 . Cerium, Lanthanum, Didymium. — ( a) With Fluorine : Fluo- 

ceriie, Tttroecrite. 

(P) With Phosphoric Acid : CrifpioUtc, Monazite, 
fy) „ Carbonic Acid : Parisite^ Lanthanite. 

10) „ Tantalic Acid : Fergusonitc, 

(«) „ Titanic and ColumWc Acid : Euxenite, 

(0 „ Silicic Acid: CeriteyAllamte^ Orthiie. 

(17) ,, Silicic and Titanic Acid : T&clmvldniUy MoBandritc, 

10. Chromium. — (< i) Metallic: In Mefeorie Iron %omQi\mm. 

(j 3 ) With Oxygen and Iron : Chromite. 

(y) ,, Alumina: Chrome Ochrcy WalchonsJc'dite, 

(^) ,, Lime: Ouvarovite. 

(«) „ Potash and Soda : Fuchsite. 

(Z) ,, Magnesia : Spinel. 

(17) ,, Glucina: Chrysoheryl, 

(0) As Chromic Acid : VauquclimUy Metanchroite. 

11. Cobalt. — («) With Arsenic and Iron : SmaltitCy Skniierudite. 

(/ 3 ) With Sulphur and Arsenic : Cobaltitey Jeypooritey Linneeitey 
Carrolite. 

(y) „ Nickel : Sieyenite, Griinanite, Zinnaitej Carrolite, 

(d) „ Selenium: Tilkerodiie. 

(c) ,, Manganese : Asholane. 

S „ Sulphuric Acid : Bicberite, 

„ Arsenic Acid ; Erythrine. 

12 . CorrER. — (a) Metallic : Native Copper, 

U 3 ) With Arsenic : Darwinite, Domeykite, Condurrite, 
fy) ,, Selenium : Berzelianitey Eucairite, 

(S) ,, Sulphur and Iron ; Chalcocite, Bomite, Chel^opyriUy 

BoulangeriUj Cubanite, Barnhardite. 

(«) „ Zinc, Silver, Mercury, Antimony, &c. ; Tetrahedrite^ 

Castillite. 

(Q „ Bismuth : Wiitichite. 

(17) „ JalpaitOy PolyhasitCy Stromeyerite% 

W) „ Cobalt: Caroline, 

(c) Antimony, &c. : Wolchite 
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U) With Lead : Bournonite, Alisonite, 

(X) ,, Chlorine : Ataeamitef Bercylite, 

M „ Sulphuric Acid : Cyanosite, 

Iv) „ Phosphoric Acid: 

U) xi Carbonic Acid : Malachite^ Cheasylite. 

(o) ,, Arsenic Acid: Olivenitey Chalcophyllite. 

(tt) ,, Chromic Acid : Vauquelinite, 

(p) ,, VanadicAcid: Volborthite, 

{a) „ Silicic Acid : Bioptase, Chrysocollay Alhphant, 

13. Didymtum. — See 9 


14. Erbium. — (a) With Yttria : Orthitey Gadolinite, 

15. Fluorine, —(a) With Lime : Blmr SpaVy Aragonite, 

(/3) With Soda : Cryolite. 

(7) ,, Lithia: Amhlygonite. 

it) yy Yttria and Ceria : Yttroceritey Barisite. 

(#) ,, Magnesia: WagneritOy ChondroditCy Humite, 

(^) yy Alumina: Topaz. 

16. Glucinum. — (a) With Silica : Beryl. 

(j3) With Lime and Magnesia : BhenahiUm 
(7) ,, Tin and Iron : Buelase. 

8 yy Chromium (I') ; BineraU. 
yy Yttria : Gadolinite. 

,, Manganese and Sulphur ; Helvim* 

\n) , , Soda and Potash : Leucophane, 

Ij)) yy Alumina: Chrysoberyl. 


17. Gold. — (a) Metallic : Native Gold. 

(fi) With Palladium : Borpezite. 

(7) ,, Kh odium : Ithodium Gold, Mexieo, 

(b) yy Tellurium: Sylvanite, 

i f) ,, Antimony: Gelberz, 

Q ,y Lc.id, Copper, and Sulphur : Nagyagite, 

18. Iridium. — (a) With Osmium, Rhodium, &c. : Iridosmine. 

19. Iron.— (a) Metallic: MeteoriteSy NativCy v/iih. Graphite, 
r/1) With Arsenic: Mispichely ScorodiiCy Pharmacosiderite, 
(7) „ Sulphur : PgritCy Chalropyritey Kyrosite, 

\h) „ Oxygen : Magnetite, Hematitey Gothite, 

\t) yy Magnesia : MagneferritCy Cronstedlite, 

{t) f, Manganese and Zinc : PranJdinite, 

[n) yy Chromium : Chrome Iron. 

(9) ,, Chlorines : Kremersite. 

(t) yy Sulphuric Acid : Copperas, 

[k) ,y Phosphoric Acid : Vivianite, Childreniie, 
iX\ yy Carbonic Acid : Chalybitey Uumholdtite, 

\uS yy Boric Acid : Lagonite. 

(v) „ Tungstic Acid : Wolfratnite. 

„ Titanic Acid : Jlmenitey Kibdelophane, 

(nS „ Tfini'ilic Acid : Tantalite, 
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(jr) With Niobic Acid : Columlite. 

(p^ „ Silica : Garnet (iron), Nontronite^ Anthosiderits. 

\(j) „ Copper : Chalcopyrite^ Boulangerite, 

Silver: Sternhergite, 


20. Lead.— (a) With Tellurium : Altaite. 

(/3) With Gold and Silver : SylvanitCj Nagyagite, 

(v) „ Selenium : Clausthalitet Berzelianite, 

{c) „ Sulphur : Galena^ Steinmannite^ Caledonite, 

(i) „ Chlorine : Mendipite, Matloekite^ Percylite, 

(^) ,, Oxygen : Plumbic Ochre, Plattnerite. 

{rf) ,, Phosphoric Acid : Pyromorphile, Plumhoresin%t$. 
(6^) „ Arsenic Acid : Mimetite, Carmine Spar. 

(i) „ Carbonic Acid : CerusiCe, Tamowiizite. 

(k) „ Lime : Plumbocalcite. 


[X) „ Zinc : Zinc lead spar. 


{fi) „ Chromic Acid : Melanochriote, Y axiqueliniU* 

(v) „ Vanadic Acid : Vanadiniie, Pescloizite, 


{X) Molybdic Acid : Wiilfenitc. 

(o) „ Tungstic Acid : Schcclitc. 

(V) „ Antimony : Jamesoniie, Boulangeritc, Bleinicrite, 

(p) „ Copper : Bournoniie, Cuproplumhite. 


21. Lithium. — ( a) With Phosphoric Acid : Amhlygonite, Triphylline. 
ifi) With Silica and Alumina ; Spodumen, Petalite. 

(y) „ Potash : LepidoUte. 

(i) „ Lime ; Scapoliie. 


22, Magnesium. — ( a) With Chlorine : Tachydrite. 

(/3) With Sulphuric Acid : Ppsomite, Martmsite. 

{y) „ Phosphoric Acid : Wagneriie, LazuUte, Sordaivalite, 

]p\ „ Carbonic Acid : Magnesite, Breunnerite. 

• («) „ Boric Acid : Boraciic, Stassfurthite. 

(C) „ Arsenic Acid : Picropharmacolite, Kuhnite. 

\n) „ Silica : Talc, Sepiolite, Tourmaline, Serpentine^ 

(o) ,, Fluorine: Chondrodite, 

(c) „ Alumina : Spinel, Pleonaste. 


23. Manganese. — (a) With Arsenic : Kaneite. 

(jS) With Sulphur : Alahandite, Hauerite. 

(y) „ Oxygen : Pyrolusite, Psilomelane, Mausmanite, 

(^) ,, Carbonic Acid : Biallogite, Manganocakite. 

(«) ,, Tungstic Acid : Wolframite. 

?^) „ Tantalic and Niobic Acid : Tantaliie, Columhiie, 

(n) „ Silica, Alumina, Glucina, &c. : Bhodonite, Helvinc, 

[9) „ Zinc and Iron : Pran/clinite. [Carpholite. 

(*) „ Phosphoric Acid : Tripliie. 


24. Mercuey. — ( a) With Selenium and Lead, &c. : Onofrite, Therba» 
ehite, Tiemannite. 

ifi) With Sulphur: Cinnabar, Hepatic Cinnabar 9 

(V) w Copper and Silver : Spaniolite, 

?d) „ Chlorine: (Bavaria), 

If) „ Iodine: Coceinite. 

(Q n Selenium: Tiemannite, 
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25. 


26. 


27. 


Molybdenum. — (a) With Sulphur : Molybdenite, 

With Oxygon : Molybdite, 

Lead : Wiilfeniie, 

Nickel. — fa) With Antimony : Briethatiptite, 

(/3) With Arsenic : Niccolite {Copper Nickel), Chloanthiie, 
fv) ,, Sulphur: Alillerite, Troilite, 

(0) „ Bismuth : Griinauite, 

(t) „ Iron : Fentlandite, Troilite, Fyrrhotite, 

Cobalt and Copper : Smaltite, Cobaltite,\ 

Oxygen : Fimelite, 

Carbonic Acid : Emerald Nickel. 

(1) „ Silica, Magnesia, and Iron : Chrysolite, Rottisite. 

Niobium. — (a) With Iron, Manganese, and Tantalic Acid : 
Columbite. 


s 




28. Osmium. — (a) With Iridium, Rhodium, &c. : Iridosmine. 

29. Platinum. — (a) With Iridium and Copper : Flatiniridium, 

30. Potassium. — (a) With Chlorine : Sylvine, Carnallite. 

(|3) With Sulphuric Acid : Alunite, Folyhalilc, Voltaite. 
ly) „ Nitric Acid : Nitre. 

Cd) „ Silica : Orthoclase, Kyalophanc, Mica, Apophyllite, 
(«) „ Manganese : Gigantolite, Fsilomclaue, 

(^) „ Magnesia : Villarsite, Obsidian, Fundee stone, 

(rf) ,, Lime : Stilbite, Falagoniie, Apophyllite. 

(0) „ Soda : Albite, Eudialite, Lava. 


31. Rhodium. — (a) With Iridium, Osmium, &c. : Iridosmine. 

32. Selenium. — (a) With Lead, Copper, Tluillium, &c. : Clausthalite^ 

” Ferzelianite, Crookcsiie, Zorgite. 

{S\ With Mercury: Onofrite, Txemannite, Lchrbachite, 
ly) „ Tellurium : Tetradytmte, 

S3. Silver. — ( a) With Gold : Native Gold, 

(/3) With Bismuth: Bismuth Silver. 

Mercury : Native Amalgam. 

Antimony: Fyrargyrite, Fiscrasite, Stcjihanite, 
Tellurium : Nagyagitc, Sylvauite, llessitc. 

Selenium : Eucairite, Naumannite. 

Sulphur : Argcntiie, Ealeminzite, Acanthite, 

Bromine and Iodine : Bromyrite, lodyrite. 

Chlorine : Kerargyrite, 

Arsenic : Froustite, 

Iron: Stembergite, 

-(a) With Chlorine : Common Salt, Sodaliie, Eudialite, 




I 

w 
w 

84. SODIUM.- 


/3) With Fluorine and AJumina : Cryolite, Soda, Alum, Chiolite, 
lyl „ Sulphuric Acid : Glauber Salt, Thenar dite. 

(c) ,, Lime : Glauberite, Analcime, Gay-Lussite, Natrolite, 

Nitric Acid : Nitratine, 

Carbonic Acid : Natron, Cancrinite, 

Boric Acid : Borax, Kayesine. 

Silica, Iron, &c. : Albite, Achmite, Arfvcdsonite, 
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s 


35. Strontium.— (a) With Sulphur: CeUstim* 

With Carbonic Acid : Strontianite, 

,, Silica : Brewsterite, 

36. Tantalum Columbium. — (a) With Iron: Tanialiie^ WolframiUt 

Columhite. 

(B) With Lime : l*yrochlore, 

(y) „ Yttria : Yttrotantalite^ Lamarsikite^ Ferguaonite. 

(i) „ Zirconia : Wolderiie^ Eukolite, 

37. Tellurium. — (a) With Gold and Silver : Sylvanite, Nagyagiie, 

(fi) With Lead : Altaite, 


38. Thorium. — (a) With Lime : Fyrochlore^ 
(P) With Yttria: Zamarskite. 

(y) „ Silica: Thorite^ OrangiU. 


39. Tin.— (a) With Sulphur: Stannite, 

(/3) With Oxygen : Cassiterite, 

40. Titanium. — (a) With Oxygen : Mutile^ Brookite^ Anatau, 
(/3) With Lime: SchorlomUe^ Sphene^ Terowskite. 

(y) „ Yttria : Polt/crasCf EuxemtCy Jttrotitanite, 

,, Zirconia : CErstedlite. 

(t) „ Ceria, &c. : 3fosandrite, Tschewkinite» 

(Q ,, Iron : Ilmenitey Iserine, 

41. Tungsten. — (a) With Oxygen: Tmgstite, 

(P) With Lime: Scheelite, 

(y) „ Lead : Scheeletite, 

(6) ,, Iron : Wolframite, 

{() „ Ytirm ; Zamarskite^ Yttroiantalite, 

(^) ,, Tantalic and Niobic Acid : Colamhitey TantalxU^ 

42. Uranium. — {a) With Sulphuric Acid : TrippeitCy JohanniUt^ 
{P) With Iron, Silica, Lime, Lead, &c. : Eiichhlmde, 

(y) „ Phosphoric Acid : Uranite. 

u) ,, Carbonic Acid : ZiehigitCy Voglit 

(«) „ Silica : TJranophane, 

43. Vanadium. — (a) With Lead : Yanadinite, 


44. Yttrium. — (a) With Silica, Glucina, and Iron: Oadol%nxt$„ 


45. Zinc. — (o) With Sulphur: SphaleritSy Brzibram Galena^ 
(P) With Manganese and Iron: Eranklinite, 

(v) „ Carbonic Acid : Calaminey Aurichalcite , 

(i) „ Silica : Smithsonite, 

46 . Zirconium. — ( a) With Silica : Zircon. 


[The analyst may use this Table (at least) in two ways. He nuay 
form a typical mineral cabinet from it, in conjunction with the Tables 
given in pages 175, 185, of this work, for which purpose I can 
honestly recommend the establishment of Mr. Henson, the mineralo- 
gist, of the Strand, London ; or he may analyze any of the minerals 
given, with the view of detecting the typical elements here indicated.] 
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Table XIX.— Average per Cent. Composition of some Normal Schistose 
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Text-Book of Geology,” Prof. A. Geikie, LL.D., F.R.S., 1882, page 126. 



Table XX.— Average per Cent. Composition of the chief Triclinic Feispars. 
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Text-Book of Geology,” Prof. A. Geikie, LL.D., F.R.S., 1882, page 72. 



Tte student who wishes further information in this 
matter will find detailed reactions of every metal, &c., 
arranged with a view to facility of reference, in my 
Alphabetical Manual of Blowpipe Analysis,’^ Triib- 
neT & Oo. 1880. 



APPENDIX, 


Exercises in the Determination of Minerals. 

TAe following anah/ses of unknown minerals from a Freiberg Uni 
fersitg Cabinet were published in the English Mechanic, with a reques. 
for solutions as to the names of the minerals analysed, 

(N.B. — Alkaline Silicates are the most difficult minerals to analyse 
by the blowpipe.) 


No. 1. — ^Whito, amorphous, fiiablo fragments; soft. 


!• Powder in B acid a. (1.) 
Great effervescence, with- 
out smell ; green pyro- 
chromo (p.c.) of B acid 
unaltered. 

(2.) Amorphous, opaque, 
while, ro unded frag- 
ments {c.) 

(3.) Most fragments dis- 
bolveiii part to trans- 
parent vitreous iriat- 
ter, which flows 
through tiio bead. 

II. Add a trace CoO ((.obalt 
oxide). (1.) A pur})1o suf- 
fusion spreading from the 
black cobalt-borate balls 
over the whole bead. Balls 
not all dissolved. 

III. Add equal proportion of limo 

to original powder, and 
treat the bead B.B.* (1.) 

The whole bead a milky 
enamel, opaque (^.) 

IV. Original power in P acid, 

B.B. (1.) Wholly dis- 
solved. 


(1.) Sulphuric acid: (Carbonic 
acid turns the green pyro- 
chrome temjjorarily yellow) 
{h.) 

(2.) Alumina : ISTay bo glucina, 
or contain a liltlc silica. 

(3.) Presence of an Alkali, which, 
as the green p.c. was un- 
altered, must be potash (con- 
flrm by II.). Soda yellows 
the green p.c. 

(1.) About 10 per cent, of potash. 
(From 10 to 25 per cent, of 
alkali is shown by the ra~ 
pidity of solution to a blue 
bead.) 

(1.) Large proportion of alumina 
(can’t be glucina). 


(1.) No silica or zirconia. 


What is this mineral ? 


(3^me taken by a practised operator for producing the above reactionff 
— quarter of an hour.) 

• “ B.B.’' := Before the blowpipe. 
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No. 2. — Transparent, Colourless, Ciystalline; but of no shape; hard. 


L Powder in B acid. (1.) Trans- 
parent ice-like mass (a), 
slowly dissolving B.B. (2.) 
Faint yellow p.c. at first 
from powder at bottom of 
the bead; but green p.c. 
of B acid unchanged after. 

II. Powder -U lime in fresh B 
acid B.B. (1.) Milky in 
part, but with lime-borate 
balls, not decomposed. 

III. Added CoO B.B. (1.) Co 

borate dissolved as above, 
or rather more, to purple 
suffusion over the bead. 

IV. Frfish powder fused on AL 

plate, crushed, boiled (A), 
dried, and treated in B acid, 
containing a trace of phos- 
I)horic acid. (1.) Undis- 
solved, transparent crystal- 
line mass. (2.) Two minute, 
semi-transparent balls. 


(1.) An alkaline aluminous sili- 
cate. (2.) Trace of soda, hut 
greater part of alkali, potash. 


(1.) Not much alumina : about 15 
per cent. 

(1.) About 10 per cent, or rather 
more, of potash, with trace of 
soda. 

(1.) Largo proportion of silica. 
(2.) Trace of lime ; here 
shown as two (;alcium phos- 
pho-borate balls. 


What mineral is this P 


No. 3. — Greyish-white, compact, amorphous ; soft. 


I. Powder in B acid. (1.) Round- 
ish, fringed, white, opaque 
fragments, showing very 
slight vitreous solution in 
head; green p.c. unaltered. 
II. Added CoO. (1.) I’urplo 
suffusion, hut only after 
long treatment before tho 
pyrocone. 

III. Added lime (equal propor- 

tion). (1.) Milky, opaque 
head, hut on vesiculation 
(a.) many white irregular 
fragments observed. 

IV. Powder inP acid (n.). (1.) 

Large transparent mass un- 
dissolved. 

V. Added CoO to head IV. (1.) 
Bluish purple. 


(1.) Probably alumina, with largo 
proportion of silica, and a 
little potash. 


(1.) Not much potash. 


(1.) Large proportions of alumina 
and (probably) of silica, not 
glucina. 


(1.) Large proportion of silica. 


(1.) Not much alkali. 


What mineral is this P 
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No. 4. — Flesh-white Laminae ; Amorphous, Compact ; hardish (c.). 


I. Powder in B acid. (1.) 
Violet p.c. from powder at 
bottom at first ; green p.o. 
unaltered afterwards. ^2.) 
Quantity of grey opalme 
matter with calcium-borate 
balls, and semi-transparent 
fragments. 

II. Added CoO. (1.) Much dis- 
solved to purple Buflusion. 

III. A fragment in platinum 
forceps intumesced and 
frothed up before the blow- 
pipe. 


(1.) Considerable proportion of 
potash. (2.) No alumina , 
much combined water and a 
good deal of lime ; the rest 
probably silica. 


(1.) Considerable proportion of 
potash. 

It is impossible not to perceive 
what mineral this is. 


K'o. 6. — Semi-transparent fragments ; soft. 


I. Powder in Boric acid. (1.) 
Groat efifervcsconce, wdth 
strong choking smell. (2.) 
Fragments at first, but all 
rapidly dissolved to a clear 
bead. * (3.) Green p.c. to- 
tally yellowed. 

II. Added OoO. (1.) Eapidly 
dissolved to blue bead. 

III. Added lime. (1.) Enamel, 

milk-white, opaque- 

IV. Took up orig. powder on B 

acid bead made on copper 
wire. (1.) No bluing of 
the brilliant green jiyro- 
chrome. 

V. Crushed bead of IV. with 
fresh powder, and boiled 
it in a glass bulb. (1.) 
Neck of the bulb much 
attacked. 


(1.) Chlorine or fluorine. (2.) 
Large proportion of alkali. 
(3.) Alkali soda. 


(1.) 25 per cent, alkali. 

(1.) Large proportion of alumina. 
(1.) No chlorine. 


(1.) Considerable proportion of 
fluorine. 


It is quite evident what mineral this must be. 


Notes , — A. “ Vesiculation, or blowing the smjdl bead into a large 
vesicle or bladder about 70 times the size of the bead, as a glass- 
blower would (devised by me in 1867), is thus performed. The 
operator must have a spare mouth-blowpipe, from which the nozzle 
has been removed, ready at his right hand ; the bead, with contents, 
is taken red-hot from the pyrocone by the left hand, and a moderate 
but rapid blast sent through the platinum wire ring from the jet 
before it cools.** (In the preceding volume, at page 83, a picture of 
a “ vesicle ’* is given,) 


o 
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B. To make a bead of pbospborio acid (for which a separate wire 
should be kept, as the least trace of it very much adulterates borio 
acid, rendermg the bead opalescent), a little of the crystalline powder 
which collects on the stic^ should be laid upon the agate slab, a 
very smaU portion taken up on the red-hot ring as before, and hold 
about an inch from the point of the pyrocone, .until sufficient has 
melted on the ring to form the nucleus of a bead, which may then be 
plunged^ hot into the powder, and fused at point of the pjrrocone 
without fear of its dropping. This is necessary from the quantity 
of water contained, which renders the bead very fluid until properly 
formed. Clean Al. plate should be underneath, and the fluid P 
acid (which rapidly cools there) taken up again with a clean penknife 
and replaced upon the ring, 

c. The test of ‘‘hardness” is made by scraping the mineral with a 
penknife, and observing if the powder sounds “ gritty*^ or soft between 
the agates in grinding. It only requires to be of the roughest de- 
scription, not as a guide to the analysis, but to naming the mineral 
afterwards. 

Memarha, — a. The ringed wire, fixed in the pliers, is held for a 
moment at the point of the blue pyrocone, where it instantly 
becomes red hot. The hot ring is then dipped in a little pile of borio 
acid on one of the (quite clean) agate slabs ; a quantity of the flakes 
of boric acid a^ere to the hot ring, and are fused at the point of the 
pyrocone. This is repeated until a transparent bead, free from air- 
bubbles, is produced. A small fragment of the mineral is then ])laced 
on an agate between the jaws of the forceps and roughly crushed. 
The coarse powder is then ground to fine dust between the agates, 
and a vet'y small portion taken up at a time, on one side of the hot 
bead. The result of treatment of this side at the point of the blue pyro- 
edno is then examined through the lens. 

b. Presence of sulphur confirmed by treating the powder mixed 
with potash on charcoal before the blowpipe (B.B.), and placing the 
mass on silver with a drop of water, when a black stain is left on the 
silver. A small proportion of sulphur leaves a brown stain. 

c. If there were any considerable proportion of silica here the frag- 
ments would have fringed edges, and not be in rounded masses — a 
formation characteristic of alumina or glucina only. Of these two, 
alumina decomposes calcium borate (contained transparent balls formed 
by lime added B.B.), and glucina does not. Silica or zirconia alone, or 
with a very small proportion of alumina, forms irregular transparent 
fragments with sharp edges or spikes, unless there is a considerable 
proportion of alkali present, when these edges are dissolved in pro- 
portion to the amount of alkali present. The presence of a large 
proportion of alumina may be confirmed by putting a drop of cobalt 
solution on a fragment, and treating it B.B., when it turns blue (a 
discovery of Gahn) ; but this test -^1 not answer in the thousands 
of cases where there is any metallic oxide present. 

d. This milkiness is ea^y distinguished (by a lens) from the grey, 
opalescent, semitransparent bead given by lime balls in presence of 
silica only in B. acid,B.B., in which latter case the lime balls are not 
broken up, 

2a. Thus phenomenon is a certain proof of the conclusion given; 
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alkali, alumina, amd silica shown afterwards leparately. h. The 
Iwiling will require a platinum or aluminium capsule on an iron 
ring with stand, fixed over the blowpipe pyrocone. By fusing and 
boiling, you get rid of the alkali, and can then, by treatment in 
phospho-Dorio acid as above, get reaction for traces of lime, &c., 
contained in the mineral. 

No. 6. Yellowish white, amorphous fragments; compact, but glit- 
tering — ^hard. 

L Powder in B acid. (1.) (1.) An alkaline aluminous sili- 

Transparent, ice-like cato, with large proportion ol 

mass, not wholly dis- silica. (2.) About 6 percent, 

solved. (2.) Green py- of soda, 

rochrome nearly yel- 
lowed. 

II. Added CoO. (1.) Cobalt (1.) About 10 per cent, alkali 
borate nearly all dis- (must be potash also here), 

solved to purple suffu- 
sion over the bead. 

III. Added lime. (1.) Calcium (1.) Not very much alumina. 

borate balls decomposed 
in part, but milky mat- 
ter not quite opaque. 

IV. Fragment fused eaSly bo- (1.) Large proportion of silica. 

fore the pyrocone : Pow- No lime, iron, manganese, 

dered, boiled, dried, and &c. No nc(',essity to try 

treated B.B. in phospho- mineral in P acid, 

boric acid. (1.) Semi- 
transparent undissolvod 
mass. No balls of any 
kind. 

What mineral is this ? 

No. 7. Compact, white, amorphous fragments, with vitreous lustre; 
very hard (steel of penknife left on its surface). 

I. Powder in B acid. (1.) (1.) Largo proportion of soda. (2.) 

Strong yellow p.c. from An alkaline aluminous sili- 

hottom of head, and cato. 

green p.c. completely 
yeUowed. (2.) Ice-like 
mass dissolvmg. 

II. Added CoO. G.) Groat (1.) At least 10 per cent. soua. 

part of cobalt Dorate dis- 
solved to purple suffu- 
sion. 

IIL Added lime. (1.) Lime (1.) Considerable proportion ol 

balls decomposed ; at first alumina, 

with curdy precipitate 
round them, then com- 
pletely, to milk-white 
enamel bead. 
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IV. Original powder in P acid. (1.) Large proportion of silica. 

(1.) I^unsparent mass 
after long treatment be- 
fore pyrocone. 

(Did not try for lime, &c., as the mineral is evidently a relative of the 
preceding). 

No. 8. On opening this box I could see from the iridescent play of 
colours on some surfaces of the fragments, that the mineral is labra- 
dorite, and as I have found this to be the case, and have already given a 
blowpipe analysis of that at page 164 of this work, I pass it by, and 
take instead, a small piece of a mineral enclosed in paper in the box (of 
which someone had sent me one or two small fragments), flesh-coloured, 
compact, amorphous, soft. 

I. Powder in B acid. (1.) (1.) Alkaline aluminous silicate 

Ice-like mass not soluble. with little alkali and much 

(2.) Yellow p.c. at first, silica. (2.) Under 5 per cent, 

but OTeen p.c. not com- soda, 

pletely yellowed. 

II. Added CoO. (1.) Cobalt- (1.) Little alkali, 
borate balls scarcely 
purpled. 

III. Added lime. (1.) Only (1.) Not much alumina. (2.) Not 

curdy precipitate round much alumina ; but allowing 

lime-balls. Added equal for the state of tho bead, I 

parts of OaO and original should say about 15 or 16 per 

powder. (2.) Only milky cent, 

and opaque in part ; but 
this bead had a trace of 
P acid, derived from the 
wire in it. 

IV. Fused, boiled, and dried (1.) No lime, iron, &c. ; hut I had 

powder in fresh B acid. very little of this mineral, 

(^1- ) Semitransparent wishing to retain parts, and 

fragments, some giving was obliged to fuse remains 

off faint milky streaks ; of original powder made into 

no balls. paste, instead of a fragment 

B.B. 

V. Added P acid and fresh, 

boiled, &c., powder. (1.) 

Same as before ; no balls. 

(Unsatisfactory; but think I can guess the mineral from these 
reactions, and its peculiar flesh colour.) 

No 9. — White, opaque, crystalline, fibrous; soft. 

I. Powder in B acid. (1.) (1.) Alkaline aluminous silicate 

Transparent, ice -like with considerable alkali. (2.) 

mass, dissolving to clear Over 6 per cent, of soda, 

bead. (2.) Green p.c. 
completely yellowed. 
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II. Added OoO. (1.) Cobalt, 
borate completely but 
not rapidly dissolved to 
suffusion ; not to a blue 
bead. 

III. Added a mixture of equal 

parts of lime and origi- 
nal powder. (1.) Milk- 
white, opaque, enamel 
bead. 

IV. Powder of fused fragment 

(fused easily with strong 
roddisb orange p.c.) 
boiled and dried in 
pbospbo-boric acid ; (1.) 
semitransparent mass 
with one or two minute 
colourless balls. 

What mil 
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.) Over 10 per cent, alkali, but 
under 20 per cent. 


(1.) Considerable proportion of 
alumina. 


(1.) Considerable proportion of 
silica, with a trace (one or 
two per cent.) of lime ; no 
iron, manganese, &c. 


is this P 


No. 10. — Greenish grey, compact, amorphous ; softish. 


I. Powder in B acid. (1.) 
Faint yellow p.c. at bot- 
tom of bead, but green 
p.c unaltered after. (2.) 
Busty yellow suffusion 
over whole bead, with 
black enamel over wire. 

With much fresh 
B acid and a trace more 
powder, many black 
opaque balls, surrounded 
by yellow suffusion. (4.) 
Vesiculated, no ice-like 
mass or fragments, but 
one or two larger trans- 
parent brown balls, iron 
borate balls rapidly dis- 
solving. 

IL Added CoO. (1.), Cobalt- 
borate balls, with little 
suffusion, and that pink, 
not purple. 

Ill, Added lime. (1.) Lime 
balls not decomposed, 
but take up the CoO as 
transparent purple balls 
of cobalt' calcium borate. 
Almost impossible to 
vesiculate the bead. 


(1.) (2.) Trace of soda, but pre- 
sence of considerable alkali, 
by which iron borate balls 
are dissolved to black enamel, 
&c. (3.) Large propoition 

of iron. (4.) Either a large 
proportion of potash or less 
of some stronger alkali, not 
soda ; a little manganese. 


(1.) Cannot be potash, yet must 
be considerable alkali present 
to dissolve the iron borate. 

(1.) Either no alumina present or 
the alkali must be lithia, 
probably both. 
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ly. Splintery fragment before (1.) A little soda and more lithia, 

the pyrocone point. (1.) but still not much of the 

Yellow p.c. but Btre;ik8 latter, 

of deep red ; more red if 
the wick of a pyrological 
candle is touched with 
the fragment. 

V. Boiled powder of the fused (1.) The whole mineral iron, with 

fragments, dried, and (probably) large pioportion 

treated in fresh B acid of phosphoric acid (opalcs- 

bead. (1.) The whole cence) ; a little lithia, and 

powder, black opaque traces ofsoda and manganese, 

balls with streaks of co- for one or two balls were 

hering opaline matter; transparent (i.). 

forming afterwards a pe- 
culiar opal bead B.B. 

VI, Equal parts of boiled pow- (1.) Not much information from 

der and lime added to this reaction, except the pro- 

V. (1.) A large, black, bablo presence of magnesia, 

opaque, conglomerated 
ball, like that afforded 
by Gayolinite to B acid. 

VII. Addedpowderof V.tofresh (1.) Iron protoxide with a littlo 

B acid bead containing magnesia, 

a large calcium borate 
ball. (1 .) Transparent 
green ball, opaque while 
hot. 

VIII. Added potassium pyro- (1.) Large proportion of pbos- 

tungstate. (a) in excess phoric acid, 

to bead I., B.B. (1.) 

A deep turquoise-blue, 
opaque bead on cooling. 

It is pretty plain now what this mineral is. 

Notes. — a. This salt (an invaluable reagent for phosphoric acid) is 
thus made ; fuse a portion of potassium carbonate, about the size of 
a large pea, on clean aluminium plate B.B., and add tungstic acid 
(a yellow powder sold cheaply in small bottles), until all effervescence 
has ceased. The product, a greyish white mass, is broken into littlo 
pieces and kept for use in a small bottle ; but I prefer making it 
“fresh and fresh,*’ as above described. To use it, the supposed phos- 
phate is first thoroughly dissolved in a B acid bead B.B. by the em- 
ployment of as little potash as possible (a mere trace is sufficient), so as 
to retain a decidedly acid character in the bead. Potassium pyrotung- 
state is then fused with this bead inside the point of the blue pyro- 
cone ; and if it is phosphatic in the least degree, it will turn a pale 
turquoise bine, and opaque on cooling ; if very phosphatic, it will turn 
a deep blue. 

I discovered this test (it is said by some “ Ironmasters” to be in- 
valuable in detecting traces of phosphorus in iron, which is then said 
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to be ‘‘cold short”) in 1874, by a careful perusal of Plattner’s 
celebrated blowpipe tables (Probirkunst mit dem Lothrohre,” 4th Ed. 
1866, p. 138). In them I saw, under the head of “ No. 33, Wolfram- 
saure” (tungstic acid), that that substance, added B.B. to borax, 
affords only a yellow bead ; but when added to salt of phosphorus, a 
y beautiful blue colour.” Soda being common to both of these salts, 
it is evidently phosphoric add which causes the blue colour. 


No. 11. — Greyish white, compact; amorphous fragments, but 
apparently having a rhombic, or rhombo-prismatic crystalline struc- 
ture; very hard (a penknife leaves steel on surface). 

L Powder in B acid. (1.) (1.) (2.) Alkaline aluminous sili- 

Faint orange p.c. from cate, with large proportion of 

bottom of bead at first ; silica and alumina ; a very 

green p.c. afterwards un- small proportion of soda, 

changed. (2.) Trans- 
parent and opaque white 
mass, very slowly dis- 
solving. 

II. Added CoO. (1.) Cobalt (1.) Alkali, probably a small pro- 
borate balls, very slowly portion of lithia (the potash 

dissolving to pink (not suffusion is purple), 

purple) suffusion. 

III. Added lime. (1.) Milky (1.) Largo proportion of alumina, 

streaks at once ; with and, probably, no lime in 

more lime, bead opaque, mineral {a)» 

milk-white. 

IV. Fragment in E.P. (/>). (1.) (1.) Not much alkali. (2.) A 

Fuses in part, but re- small proportion of lithia. 

mainder dry, exfoliat- 
ing. (2.) Blood-red, but 
momentary p.c. 

What mineral is this f 


No. 12. — White, semitransparent, vitreous, amorphous ; hard (pen- 
knife cjiuses very little powder, hut yields no steel on surface). 

I. Powder in B acid. (1.) (1.) Alkaline aluminous silicate. 

Transparent ice-like with little alkali and much 

mass, slowly dissolving. silica and alumina. (2.) Al- 

(2.) p.c. at bottom of kali lithia. 

bead for a moment, 
blood-red; afterwards 
green p.c. unchanged. 

II. Added CoO. (1.) Very (1.) Not much alkali, 
slight pink suffusion ; 
but half the mass not 
yet dissolved (c). 
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III. Added OaO. (1.) Lime 

balls not decomposed, 
but surrounded with 
milky matter, so added 
mixture {d) of CaO + 3 
times the mineral. (2.) 
Bead, milky and opaque, 
but not all over. 

IV. Fragment in E.P. (1.) 

Reddish orange at first ; 
but (2) in strong H.P. 
(e) a pale rose tint. 


(1.) (2.) Considerable proportion 
of, but not verff mu(^ alu- 
mina. A little soda. 


(I.) (2.) Might be either strontia 
or lithia ; but can’t be stron- 
tia, which forms balls in B 
acid like lime. 


What is this mineral ? 


No. 13. Grey transparent plates or 

(I.) Powder (obtained by rub- 
bing several plates toge- 
ther on a file, and then 
crushingbetween agates) 
in B acid. (1.) Blood- 
red p.c. from bottom of 
bead. (2.) Scales (from 
not properly crusbed 
powder), surrounded by 
dirty yellow suflfusion, 
all dissolving to vitreous 
matter, like syrup dis- 
solving in water. Bead, 
dirty yellow. 

TI. Added CoO. (1.) AU dis- 
solved to pink bead. 

III. Added lime. (1.) No milki- 
ness, but bead covered 
with black slaggy ena- 
mel, with (2) white metal- 
lic dendritic crystal on 
surface. 

rV. A large scale fused per se, 
(l.T (black, magnetic.) 
and powder boiled, &o , 
in B acid, but many 
scales still present which 
give off a vitreous solu- 
tion. (2.) One or two 
white opaque balls. 

V. Added lime. (1.) Yellow- 
ish white, opaque, ena- 
mel bead. 

VI. Added CoO. (1.) Co bor- 


scales, like talc or mica ; very soft. 

(1.) Lithia. (2.) Iron, dissolved 
by a considerable proportion 
of alkali, without which the 
Bcales would be quite insolu- 
ble. 


(1.) About 10 per cent, alkali. 

(1.) Failure to detect alumina, 
which must be present, from 
the mineral not being pro- 
perly crushed. (2.) Proba- 
bly reduced cobalt. 

(1.) Considerable proportion of 
iron. (2.) Trace of magnesia. 


(1.) Large proportion of alumina 
with iron. 

(1.) Presence of considerable pro- 
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ate balls disfiolvod to portion of potash, in addition 

deep purple suffusion to the lithia. 

now, especially over the 
platinum wire. 

Vll. Vesiculated bead (f) (1.) Presence of fluorine ; shown 

breathed on vesicle, and here as hydrofluoric acid, to 

remeltod to a bead B.B. which it is converted by the 

(1.) Molts with an in- moisture from the breath, 

tense green light. 

VIII. Original powder in Pacid. (1.) Large proportion of silica. 
(1.) Large transparent 
mass undissolved. 

IX. Bead VIII. crushed and (1.) Presence of fluorine con- 
boiled with drop of wa- firmed, 

ter in glass bulb. (1.) 

Glass attacked and 
dulled in neck of bulb. 

This is a most troublesome mineral to handle, on account of the 
difficulty of properly crushing it. Fortunately, its scaly structure and 
reaction for lithia render its immediate identification quite easy. 

No. 14. — White, semi-transparent, amorphous, but with prismatic 
cleavage of fragments on their long axes, (y) — soft. 

I. Powder in B acid. (1.) (1.) This must bo a sulphate of 

Considerable efferves- somo base which retains its 

cence, and on raising the sulphuric acid with great 

bead to white heat, great tenacity — as barium (/c). (2.) 

and continued ell'erves- The reaction of cyanite (a 

cence without smell, the silicate of alumina) ; but this 

green p.c. remaining un- mineral is soft. (3.) Much 

changed. (2.) White, combined water, (f.) 

opaque, fringed frag- 
ments ; no solution going 
on. (3.) Bead semi- 
opaque, with grey opaline 
matter. 

II. Powder made into paste (1.) Sulphate of barium, which is 
withequal part of potash, the only base evolving opa- 

and drop of water, fused line matter in this way. 

into a ball on A1 plate Even the fusion with potash, 

B.B. ; ball crushed, &c., was unable wholly to 

boiled, and dried pow- separate the Ba and SO3, and 

der in B acid, B.B. (1.) as the balls afforded by BaO 

A number of opaque in B acid are transparent, 

white balls, evolving the opacity is probably due 

quantities of opaline to combined water, 

matter, and bubbles 
amounting to efferves- 
cence. 

III. Fragment gives a pale (1.) Barium, 
green pyrochrome per se 
( 1 ). 
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It was impossible to help finding out (and showing) what this 
mineral is. 

No. 15. — ^Yellowish white, amorphous, compact, translucent, horn- 
like —softi 

I. Powder in B aoid. (1.) 

G reat effervescen ce with- 
out smell ; green p.c. 
temporarily yellowed. 

(2.) Clear balls, giving 
off dense streaks of opa- 
line matter, which soon 
coalesce into one large 
transparent ball, not 
quite round, showing its 
specific gravity to be 
higher than that of cal- 
cium borate. 

The dullest student can have no doubt of the nature, and therefore 
the name, of this mineral. 

Note8,-^(a). Because, if there had been, with such a small proportion 
of alkali unable to dissolve them, milky streaks (of calcium borate 
decomposed by alumina) would have appeared in operation I. Still 
there may be a trace of lime here, to be detected by treating the fused 
and boiled powder in a phospho-boric acid bead, as before explained. 

(5). E. P. for “ Ellychnine pyrochrome” (Greek a wick), 

made by touching the side of the wick of a candle or wick lamp with 
the hot assay while the pyrocone is being produced. The whole blue 
pyrocone is then surrounded by a coloured “ mantle’' of flame of the 
peculiar colour communicated. 

(c). It will bo observed that I am not fully carrying out my own 
system. The bead containing the silicious mass should, no doubt, bo 
treated B.B. until it is shown absolutely whether the mass is thus 
soluble or not ; and the sharp practitioner will at once see here that by 
further treatment B.B. I would probably have obtained more lithium 
borate to act upon the cobalt afterwards ; but I am pressed for time, 
and consider the above sufficient indication for the identification of a 
mineral. 

{d). The mixture is made with a penknife from little heaps on an 
agate slab, and then ground well together by a Buper{)hiced agate. 

{e). H. P. for hydrocarbonous pyrocone, signifies that the assay is 
to be held well within the point of the blue pyrocone. 

(/). There is nothing to induce this operation here, but the know- 
ledge obtained from the scaly structure and lithia reaction) that this 
mineral probably contains fluorine. 

(y). Found by trying to slice them with a penknife. 

(A). It is as well to state here that this important reaction (evolving 
sufficient effervescence to suspect sulphuric acid, the presence of which 
is confirmed by further intense treatment before the blowpipe and the 


(1.) Carbon dioxide, formerly 
called carbonic acid gas 
(CO 2 , test for 8 on silver hero, 
if doubtful of the fact). 

(2.) Barium (confirm by III., 
No. 14.) 



APPENDIX. 


203 


ordinary" test for S on silver) is afforded by no other mineral than 
barite (or “ heavy spar ” fragments of gypsum, the likest to it, being 
after a time decomposed in B acid B.B. into balls of calcium borate ana 
bubbles of SO 3 . 

(t). Barite is said in mineralogical -works to contain little or no 
water ; but in B acid B.B. all barium minerals, and even chemically 
pure baryta, evolve copiously this grey opaline matter, which I believe 
to represent combined water. 

No. 16. White, obaque, amorphous, glittering, cryst. struct, (like 
loaf sugar) ; hardish (penknife makes little powder, but leaves no 
steel on surface) ; crushes easily. 

I. Powder in B acid. (1.) Great (1.) Carbon dioxide. 

effervescence for a short (2.) 3'robably a combination, or 

time only (a) yellowing the rather conjunction, of cal- 

greenp.c. (2.) Transparent cium and barium. 

colourless balls, rapidly 

fusing into one large one, 

not quite round {b) opaque, 

hot, and evolving only a 

little opaline matter under 

treatment. 

II. Fragment of mineral at point (1.) Barium. (2.) Calcium. (3) 

of pyrocone. (1.) Yellow Barium manganate (accord- 

green p.c. (2.) Bed orange ing to Plattner), but no proof 

p.c. in E.P. (c). (3.) Frag- of manganese here, 

ment turns green where 
heated. 

There can be no doubt about tliis mineral. 

No. 17 . White, semitransparent, amorphous, fibro-cryst. structure; 
soft, or very soft, crushes easily. 

I. Powder in B acid. (1.) Bed (1.) Lithium or strontium. (2.) 

p.c. at bottom of bead. (2.) Sulphuric anhydride (ff). (3. ) 

Great effervescence, green Cannot be aluminium silicate 

p.c. unchanged. (3.) Trans- containing lithia or strontia, 

parent fragments after because the mineral is soft, 

long treatment, but one or and there would be no effer- 

two minute opaque balls. vescence. 

II. Fragment in E.P, (1.) (1.) Strontium. 

Orange red p.c. 

Ill- Added CoO. (1.) No solu- (1.) No alkali (no lithia). 
tion of cobalt borate. 

IV. Powder fused with KjO (e) (1.) Strontium (the red p.c. show* 

on A1 plate, boiled, dried, ing it cannot be lime), 

and treated in B acid. (1.) (2.) A little combir ed water. 

The whole transparent 
baUs. (2.) A little grey 
opalescent matter. 

What mineral is this ? (/) 
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No. 18. — ^Nearly opaque, white, amorphous, hardish ; little powder, 
but no steel loft. 

I. Powder in B acid. (1.) (1.) Strontium or lithium. (2.) 

Momentary rose p.c. from Carbon dioxide. (S.JStron- 

bottom of bead. (2.) Great tium, the borate of which 

but brief effervescence, must have a higher sp. gr. 

with temporary yellowing than that of calcium, 

of green p.c. (3.) Trans- 
parent balls, larger ones 
not quite round. 

II, Fragment in E.P. (1.) (1.) Strontium. 

Beautiful orange rod man- 
tle completely enveloping 
the blue pyrocone. 

What mineral is this P 

No. 19. — Pale green (some fragments violet) transparent, amor- 
phous, but with apparently a cubic angle on one side — hardish. 

I. Powder in B acid. (1.) (1.) Probably lime. (2.) Chlorine 

Slight red orange p.c. from or fluorine. (3.) Lime; 

bottom. (2.) Great effer- not baryta or strontia. 

vescence, with slight chok- 
ing smell. (3.) Transpa- 
rent balls, largo ones quite 
round, giving off no opal- 
escent matter under con- 
tinued treatment. 

II. On copper wire with B acid. (1.) No chlorine. 

(1.) No blue p.c. 

III. Beadwithfreshpowderboiled (1.) Fluorine, 
in glass bulb with drop of 
water. (1.) Neck attacked. 

What mineral is this ? 

No. 20. — Transparent, lamilar, amorphous, but cleaves in plates ; soft. 

I. Powder in B acid. (1.) (1.) Sulphuric acid (confirm ac- 

Great and long- continued cording to note b, supra, 

effervescence, green p.c.; p. 194). (2.) Lime. (3.) No 

unchanged; no smell. (2.) magnesia. (4.) No iron. 

Transparent balls, larger 
ones quite round. (3.) 

Clear, hot. (4.J Balls 
colourless when cold. 

What mineral is this ? 

No. 21. — ^Pale (apphs) green, translucent, compact, amorphous; soft 
(penknife leaves considerable powder on surface). 

I. Powder in B acid. (l.J (1.) Sulphuric or phosphoric acid. 

Considerable, slow (not lively) (2.) Probably a phosphate, 

effervescence, increasing with as sulphates never afford 
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increased heat. (2.) Only 
white opaque fragments after 
long treatment, but evolving 
streaks of opalescent matter, 
which render the whole bead 
opaline after a time. 

II. Powder fused with K 2 O, (1.) 

boiled, dried, and treated in 
B acid. (1.) Whole powder 
white opaque balls. 

III. Dissolved these by cautious (1.) 
addition of K^O, and added 
potassium pyrotungstate {(/) 
in excess, under H. P. (/j). 

(1.) A turquoise blue opaque 
bead. 

IV. (i) Powder of mineral on the (1.) 
copper- wire B acid bead, (j) 

(1.) A brilliant but momen- 
tary cerulean, or light blue 
colour. 

V. Powder of mineral with cry s- (1.) 

tal of P acid, and drop of 
water heated in glass bulb. 

(1.) No dulling of the polished 
neck of bulb. 

What mineral is this ? 

— (a). This reaction constitutes another valuable distinction 
l)etwecn carbonates and sulphates : bubbles disengaged from the latter 
lasting, in every case, at least double as long as those from the former ; 
no carbonates of the alkaline- earth metals refuse, as far as I know, to 
speedily separate into balls and bubbles under this treatment, like the 
sulphates of barium and strontium. 

(/>). This indicates that the specific gravity of the metal forming the 
carbonate is greater than that of those which form perfect larger 
sphericles ; as, e.g. calcium, magnesium, &c. These balls being pro- 
duced through the law of the cohesion of fluids, larger ones of high 
sp. gr. are not round, on account of the attraction of gravitation over- 
coming that of cohesion ; just as the larger drops of mercury, scattered 
on a table, are not round, while the small ones are. 

(<f). It may be asked here, Is not this eflervescence due to SOt, not 
SO3, as the latter is not known (practically, until hero produced) in the 
I’orm of gas ? To this I reply it is certainly not SO*, which has a pun- 
gent smell, whereas this is odourless. 

(d). This is the chemical formula for potash, used for brevity’s sake, 
as before explained, for the ordinary potassium carbonate ; as, of 
course, potash only is added to a bead B.B. the CO, being volatilized. 
I nearly filled my bottle with a pennyworth obtained from a druggist 
here. It is tested (1) by boiling in distilled water, when it ought to 
leave no residue, (2) oy giving a violet p.c. per se B.B., (3) by not in 
the least altering the green p.c. of B acid B.B. (no soda). 


these “streaks,” but only 
generally diffused, grey, opal- 
escent matter. 


Calcium (probably) phos- 
phate (magnesium borate is 
similar, but balls clarified by 
long treatment). 

Phosphoric acid in large pro- 
portion ; because part must 
have been previously removed 
by fusion with alkali. 


Chlorine as copper chloride, 
which has a blue p.c. 


No fluorine. 
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(/). A ** Mineralogist ** (who, I must admit, has made correct 
guesses at these minerals hitherto) states that he found strontium 
sulphate to afford precisely the same reactions in B acid as barite ; 
hut if he will be so good as to analyse the former carefully over agam, I 
think he will find the differences recorded here between Nos. 14 and 17. 

(y). See note £, p. 198. 

(A). See note e, p. 202. 

(i). This operation is induced by the mmeraZoy tea? knowledge that 
this mineral, here proved to be a phosphate of ^calcium, generally con- 
tains chlorine or fluorine. 

(y*). One bead ready for use may be kept months for this purpose on 
a roll of ordinary copper wire, provided the bead be previously tested 
B.B. to see that it contains no chlorine, which is rapidly thus driven 
off on account of its extreme volatility. 

Solutions of Preceding Analyses, by 
“Mineralogist.” 

No. 1. appears from the analysis to be a white, ** earthy*' sulphate 
of aluminium, containing about 10 per cent, of potash. Dana (“ System 
of Mineralogy,” 1877, page 658) gives three such, under the head of 
“Hydrous Sulphates’* (combined water not mentioned by Col. Boss, 
but no doubt existing in his mineral — viz., Aluminite, .Munite, and 
Lowigite). Of these the first contains no potash, and the last is stated 
to have a pale straw-yellow colour, and to be slightly subtranslucent. 
I therefore suppose Col. Ross's first mineral to bo “ Alunite.” 

No. 2. “An alkaline aluminous silicate,** containing traces of soda 
and lime, but chiefly silica with considerable alumina, and potash; 
“ transparent, colourless, hard.** This constitution points to feldspar 
of some kind or other, or, as Dana calls it, “ orthoclase ;** and at 
page 35G he gives a list of feldspars in which “ the proportion of 
soda is much less than that of potash, from ^jlh ; ** nearly all of these 
contain traces of lime. I therefore suppf )80 Col. Ross’s No. 2 to be 
the variety of transparent crj’stallino feldspar (probably from St. 
Gothard, as he states it is in a Freiberg Cabinet) called “ Adularia.** 

No. 3. ‘‘A soft, greyish white, compact,” aluminium silicate con- 
taining a little potash. Again, Col. Ross does not mention water, but 
it is evident that must bo present to make a silicate of the hardest 
substance in the world next to diamond (corundum) “soft.” I 
therefore turn to the “hydrous silicates of alumina** in Dana, or 
what he calls the “Margarophyllite” section — i.e,, having a “ pearly ’* 
lustre. There I find, page 479, “ Finite, *’ having a hardness of only 
2*6 to 3*5 ; colour, greyish white ; lustre, feeble, waxy. In the per- 
centage list of these there is a ratio of nearly 2 : 1 between the silica 
and alumina, and in the variety called “ Agalmatolite ” (of which the 
Chinese priests make their god^, a greater proportion of silica, no 
iron, magnesia, lime, or soda. 1 would suggest, therefore, that this 
mineral is “ Agalmatolite.” 

No. 4. A hydrous silicate of lime with considerable proportiDn of 
potash, which “intumesces and froths up when held per ee before the 
blowpipe.” Looking in Dana, therefore, among the “Hydrous Silicates, 
Zeolite (from a Greek derivation signifying to boil up) section,” I 
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hit upon the zeolite par excellence called **Apopbylite” (from another 
Greek word signifying to exfoliate or intumesce), and find — page 
416 — a list of apophyllites from various localities, which yielded (to 
different analysts) on an average 62 per cent of silica, 26 of hme, 5 or 6 
of potash, and 16 of water. But all of these, except one, contain about 
1 per cent, of fluorine, which Col. Boss does not seem to have detected. 
Is No. 4 “ Apophylite ” ? 

No. 6 must be “ Cryolite,” the well-known fluoride of sodium and 
aluminium from Greenland, Arksut Fiord. 

On the whole, I think Ool. Boss would do well to pay more attention 
to the “lustre, hardness, and specific gravity ” of his materials than ho 
seems to do. A better description of those (he gives none at all of 
sp. gravities), combined with the results of his analysis, would very 
much facilitate and shorten the work of the student in hunting up 
names. 

No. 6 seems to bo a soda feldspar, containing also potash. If there 
was no water, or very little, found in it, I should be apt to think the 
mineral what Des Cloizeaux, after the French mineralogists, calls 
“ Schorl Blanc ” or Alhite, which is classed by Dana among the 
“ unisilicates,” and analysed (by Brooks) as follows : — Si02 67*39, 
AI2O3 19*24, Mg 0*61, CaO 0*31, Na20 6*23, K2O 6*77 = 100*55. 

No. 7, “An alkaline (soda) aluminous silicate,” probably containing 
water, as the “ice- like mass” contained in the boric acid bead dis- 
solved so rapidly before the blowpipe ; in which case we should have to 
look for it in a mineralogy under the head of the soda-zeolites, proba- 
bly analcito; but really, in the absence of all indications derived from 
crystalline form, and the presence or absence of water, it is hard to say 
where one should look for the particular species of such minerals. An 
analysis of “zeolite dure” (or hard zeolite) of Dolomieu — e.c., analcito 
— ^from Giant’s Causeway, is Si02 55'60, AI2O3 23*00, Na20 14*65, 
H2O 7*90= 101*15 (Thomson). 

No 8 I should say was Heulandite (?), which has a peculiar “ shade 
of white passing into red” colour, and a hardness of only 3*5 ; but it 
again has a large percentage of water and a considorablo amount of 
lime, neither of which are mentioned by Colonel Boss : Si02, 59*64, 
AlaOa 16*33, OaO 7*44, NaaO 1*16, K3O 0*74, HaO 14*33 = 99*64 
(Damour). 

No. 9. “A crystalline-fibrous, soft, white, opaque, soda-alumina 
silicate, with between 10 and 20 per cent, of soda, a considerable pro- 
portion of alumina, and a trace of lime.” This description appears to 
me totally almost exactly, with that of “Natrolite:” SiOa, 47*76, 
AI2O3, 25*88, NaaO 16*21. HaO 9*31 (Fuchs). 

No. 10. “ A phosphate of iron, with a little manganese and lithia, 
and a trace of soda.” Looking in Dana, under the head of “Anhy- 
drous Phosphates ” for an iron phosphate with lithia (I should think a 
solution of this mineral useful medicinally), I came across the very one, 
“ Triphylite,” page 541. Analysis by Fuchs : P2O6 41*47, FeO 48*67, 
MnO 4*70, liO 3*40, 8i02 0*53, H2O 0*68 = 99*35. 

No. 11. “An alkaline aluminous silicate, with large proportion of 
silica and alumina, very small ditto soda, and a little lithia : greyish 
white, compact, very hard; ** prismatic crystalline structure ” (?) 
This description seems to tally with that of the “ bisilicate ” of Dana 
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and the “ silicate*' of Des Cloizeaux and Brooke and Miller — called bjr 
the first and last “ spodumene ** j by the French mmeralo|fist ‘‘tn- 
phane,” and by Mohs “ prismatischer triphan-spath.’* S 1 O 2 66*02 
AI2O3 29*14, CaO 0*60, Li20 6*47, Na20 0*46, K 2 O 0*14 (lUmmelsberg). 

No. 12. Like the above but not so hard, and “semitransparent’* 
(? translucent), with less alumina than the first. Probably “ petalite.’* 
Si02 72-212, AI 2 O 3 17-225, Li20 6*761 =102*198 (Arfvedson). 

No. 13. “Lepidolite,” of course: from XcTri't* a scale, called also 
“ Lithionglimmer ” (C. Gmelin.) SiOj 46*23, AlgOs 14*14, FesOs 
17-97, MgO 4*67, LigO 4*21, KgO 4*90, F 8*10 = 100 (Gmelin). 

No. 14, stated by the analyst to be “ barite " or “ heavy spar ** ; but 
I can only say as regards the blowpipe reactions given, that I have 
found “celestine” (or strontium sulphate) to behave in much the 
same way with these reagents, i.e.^ to ‘‘ hold by its sulphuric acid with 
great tenacity ; ” fragments, effervescing considerably at first — more 
with greater heat, but eventually declining to decompose into “trans- 
parent balls and bubbles of SO 3 ’* ; but Col. Boss says, “ This impor- 
tant reaction is afforded by no other mineral than barite.*’ 

No. 15. Barium carbonate, generally called “ Witherite.** 

No. 16. A double carbonate of barium and calcium, generally called 
“barytocalcite ** (or “ alstonite,” from Alston Moor, in Cumberland, 
the only locality, I believe). This mineral is unique in its way. It is 
only found in one place in the world, and is, I think, the only mineral 
in the world which assumes a green tint by mere heating per ee. As 
baryta and MnOg fuse together at high temperature, the mass assum- 
ing a green colour, Plattner was perhaps right in guessing the 
presence of a little heterodox manganese oxide in this mineral. On 
the other hand, neither Johnston, Del esse, Hauer, or Children, who 
analysed it, could find a trace of Mn ; and I observe Col. Ross’s 
system does not detect that oxide either. Professor Brush, in Dana’s 
“System of Mineralogy,’* says, “ with the fluxes reacts for man- 
ganese *’ ; but this is a mistake, as the merest trace of MnOa fused with 
soda, alongside the powder of this mineral fused with soda B.B. on Al 
plate assumes a brilUant greenish-blue like turquoise, whereas baryto- 
calcite affords a dull, slate-blue bead, to my eyes quite different. I 
inclose the two soda beads, and shall feel obliged if you* will send them 
to Col. Ross for his inspection. 

No. 17 . Strontium sulphate, or “ celestine.’* I maintain, with all 
due deference to Colonel Ross’s note, my opinion as to the similarity 
of the blowpipe reactions of this mineral and of “ barite.’* 

No. 18. Strontium carbonate, called “ strontianite.** 

No. 19. Fluor spar evidently; but surely it affords more than “a 
slight choking smell ” B.B. (due to disengaged hydrofluoric acid), con- 
sidering it contains 48*7 per cent, of fluorine P 
No. 20. Gypsum. 

No. 21. Crystallised calcium phosphate, called “ apatite ** by Werner, 
from krearkta — I deceive (probably from Spain). 

I was not aware phosphoric acid, as well as sulphuric and carbonic 
acid, afforded effervescence in boron trioxide before the blowpipe. 
Colonel Ross does not mention the reaction in any of his works on the 
blowpipe. 

* “ You,” i.^.. Editor of English Mechanic. 
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At pp. 191 — 208 will he found Exercises in ihc Determination of 
Minerals (p. 191), and solutions of the same by “ Mineralogist ” 

(p. 206). 


A. 

Abich’s closed mortar, 60. 

open modification of, 62. 

Absorption bands, 87. 

Acid, Boric (Reagent), 78, 92. 

detection of. Tabs, iii., 11* ; vi., 6. 
Acid, Carbonic, detection of, Tabs, iii., 
12‘; vi., 10. 

Acid, Phosphoric (Reagent), 9.1, 95. 

detection of, Tabs, iii., 31' ; vi., 38. 
Acid, Sulphuric, detection of. Tabs, iii., 
32‘ ; vi., 45. 

Acid, Titanic (Reagent), 96. 

detection of, T.abs. iii., 50*35 ; vi., 61. 
Acid, Tungstic (Reagent), 9G. 

detection of. Tabs, iii., 181' ; vi., 68. 
Agate slabs (apparatus), 49. 

Alahandite^ analysis of, 168. 

Allmlies (Reagents), 95. 

detection of. Tabs, iii., vi. 

Alkaline earths, detection of, Tabs, iii., 
vi. 

Alloys, Table of reactions of, 106. 
separation of metals in, 108. 
analysis of, 169. 

Aluminium, detection of. Tabs, iii., 27*6; 
vi., 1. 

Aluminium plate (Support), 80, 36. 

reactions upon, Tab. vi., cols. 2, 3, 7, 
98, 108. 

Aluminous alkaline silicates, Tab. vi., 48, 
col. 4. 

Analyses, blowpipe, of minerals, 166—174. 
Antimony, detection of. Tabs, iv., D ; v, 
1 ; vi., 46. 

An\dl-mortar, 50, 62. 

Apatite^ analyBis of, 178. 

Argentine, analysu of, 171. 


Arrangement of eilioates, 176. 

Arsenic, detection of, Tabs. Iv., A ; v., 8 ; 
vi., 5. 

Assay squares, 114. 

Auxiliary apparatus, 46, 69. 

B. 

BaC12, analysis of, 166. 

Ball formation in boric acid, 80, 82. 

rationale of, 142. 

Balls, inner, formation of, 138. 
rationale of, 143. 

Balls, calcium-borate (Reagent), 96. 
Bands, absorption, in borate balls, 87. 
Barite, analysis of, 158. 

Barium, detection of. Tabs, iii., 137*; 
vi., 5. 

Basins for boiling over lamp, 64. 
Bergraann’s treatise written by Gahn , 7S, 
note. 

BertMerite, analysis of, 169. 

Beryllium {see Glucinum). 

Berzelius’s treatise written by Gahn, 78. 
note. 

oil lamp, 17. 

Bismuth, detection of. Tabs, iv., H ; v., 4 ; 
vi., 8. 

Black, Dr., his blowpipe, 6. 

Blast blowpipe, shapes of, 62, 66. 

creates a vortex in air, 66. 

Blower, mouth, 2. 
foot, 7. 
hand, 9. 

Blowing apparatus, how to make, 1 . 
Blowpipe air-reservoir, 2, 6. 

Gahn’s, 6. 

Borate, calcium (Reagent), 96. 

Borax (Reagent), Tab. vi., col. 4, 78. 


P 
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Borie add» motions of» Tabs. iii. and 
▼i., 4. 

detection of, Tabs, iii., 11 ; tL, & 
Bottles, Qsdde (1^. 29), 38. 
water-dropping, 57. 
cobalt solution, 66. 

BournonUe, analysis of, 172. 

Box foot- blower, a, 8. 

Boyle, R., mentions the blowpipe in 
1660, X. 

Bromine, detection of, Tab. vi., 9. 
Brooke, his piston hand-blower, 13. 
Browning, J., of London, 85. 

Bruno Kerl, Prof. V., 152, various analyses 
of, 157, 178. 

Brushes, useful, 66. 

Bulbs, glass, 88. 

Burner, heated gas, 24. 

Bunsen, 24. 

C. 

Gadmiuu, detection of. Tubs. v. 6 ; vi., 12. 
Calcium, detection of, Tabs. iii. 40*; 
vi., 11. 

borate (Reagent), 96. 

Calci-sodic crystallisation, Tab. vi. 11, 7. 
Calomel, Analysis of, 160. 

Calvert and Johnson, 99, uo/e. 
Candle-lamp, how made, 19. 

Candles, pyrological. Price & Co.’s, 20. 
Capsules, platinum or aluminium, 59. 
Carbon dioxide, carbonic anhydride, or 
carbonic acid gas, detection of, Tabs, 
iii., 12- ; vi., 10. 

Carbonate potassium (Reagent), 96. 

Do. sodium Do. 95. 

Cassiterite, analysis of, 164. 

Cerium oxide, detection of, Tabs. iii. 94*5 ; 
vi., 13. 

Characteristio fossils, 124. 

Charcoal slips (suppoii;), 36. 

Chemical water, detection of. Tabs. iii. 1* ; 
vi.,22. 

colours of gems probably due to, 151. 
Children, J. G., his "translation,” 60. 
Chlorine, detection of; Tabs, iii., 35*6 ; vi., 
14. 

Chlorides, metallic, injure A1 plate B.B., 
Tabs, iv., vi., note. 

Chromium oxide, detection of. Tabs, iii., 
62*6 ; vi., 16. 

City and Guilds of London Institute, x., 
note* 

Coal-gas as Aiel, 16. 


Cobalt, detection of; Tabs, iii., 68'8 ; vL. 
16. 

Cobaltine alkalimeter, 94. 

Oobaltite, analysis of, 170. 

Cobalt solution, reactions of. Table vi., 
col. 5. 

Colours of jewels, probable cause of, 161. 

Coloured flame (see Pyrochrome), Tab. 
vi., col. 6. 

Compass, equatorial (to detect iron), 55. 

Conduction heat, cause of tlie analytical 
properties of aluminium plate, 101. 

Copper, detection of, Tabs, iii., 63-5 ; vi., 
17. 

Copper oxide (Reagent), 97. 

Cornwall, Prof., on Blowpipe Analysis, 
37, 40, 132, 134. 

Corrosive Sublimate, Analysis of, 160. 

Cotta, Von, 118. 

CoiunniUt analysis of, 162. 

Cramer, A., describes “ Cronstedt’s blow- 
pipe” in 1737, 77. 

Orocoisite, analysis of, 463. 

Cronstedt misappropriates Von Svarb’a 
work, ix. 

Cryolite, analysis of, 169. 

CuO + Cr203, analysis of, 168. 

Cylindrical pyi’ological candles, 21. 

D. 

Daka, Prof. J. D., 111. 

Daniell and Person, 100. 

Deci*epitating rainei iils, list of, 174. 

DidjTnium oxide, detection of. Tabs, iii., 
96- ; vi., 18. 

Dilly Brothers, publishers of the first 
work on Blowpipe Anu lysis, ix. 

Distillation of water in the field, 141 

E. 

Earths, alkaline, detection of. Tabs, iii., 
vi. 

Ellychnine pyi’ochrome, explanation of; 

88 . 

Engestrom, Von, not the writer of the 
treatise known as his, ix. 

Epaomite, analysis of, 157. 

Ikbium oxide, detection of, Tabs, iii., 
112*6; vi., 19. 

Examination of oxides, &c., in Pt. forceps 
Tab. vi., col. 2. 

of oxides on bare aluminium platen 
Tab. vi., ools. 2, 7. 
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Examination of oxides on Al plate with 
G slip, Tabs, v., vi., col. 8. 
of oxides in boiic acid, Tib. iii 
of oxides in combination in boric 
acid, Tab. vi., col. 4. 
of oxides with cobalt solution. Tab. 
vi., col. 6. 

by pyrochromes, Tab. vi., col. 5. 
of oxides, &c., in P. acid, Tab. vi., 
ool. 6. 

of oxides, &c.. in sodium carbonate, 
Tab. vi., col. 7. 

Examples of mineral analysis, 132, 163, 
164, 166-174. 

P. 

Fahlbrz, analysis of, 169. 

Fletcher, L., 110. 

Fletcher, T., his hand<blower, 18. 

his portable jet-canier, 22. 

Fluorine, detection of. Tabs, iii., 19* ; vi., 

20 . 

Fluor spar (Rejigent), 96. 

Foil, aluminium (see Al plate), 
platinum, 40. 

Poot-blowcrs, how made, 7. 

Forceps, 46. 
magnetic, 42. 

Fossils, characteristic, 124. 

Foster, JDr. G. Le Neve, his lamp, 22. 
Franklinilej analysis of, 172. 

Franz, 99, note. 

Freiberg apparatus, 46. 

qualitative examples, 166. 

Freseuius, Prof., 72. 

Fuel, ooai-gas as, 16. 

G. 

Gahn the real writer of Berzdius’s and 
Bergmann’s treatises on Blowpipe Ana- 
lysis, 78, note. 

Gahn, invention of platinum-wire support 
by, 40. 

his blowpipe, 6. 

Gems, cause of colouis of, 151. 

General reactions of oxides (Tab. vi),109. 
guide to first operations (Tab. vii.), 
110 . 

Geological rocks, analysis of. Tab, xiii., 
129. 

subformations. Tab. xii., 119. 
Geometiical pens as holders, 45. 

Glass bulb or tube holder, 38. 
apparatus, 65. 


Glass slabs, 69. 

bulbs or tubes, 37. 

Glusinum, detection of, Tabs, iii., 9*2; 
vi., 7. 

Gold, detection of. Tabs, iii., 196-7 ; vi., 4 . 
“Green, J. C., School of Science,” 30. 
Griffin, J. J., “ On the Blowpipe,” 60. 
invention of, adopted unacknow- 
ledged, xi. 

Griffin’s C. boiling stand, 24. 

Guthrie, Prof. F., 104, 155. 

Oypmmt analysis of, 157. 

Gypsum (Reagent), 17. 

H. 

HAXD-nLowKRs, how made, 9. 

Hardness, Moh’s scale of, 132. 

Harkort, an original blowpipe writer, 78 
note. 

Heat, gentle ; curious separation of metals 
in an alloy by, 108. 

Henson, Mr., 151, 184. 

HgCltf, analysis of, 161. 

Hopkffis and Williams, Messrs., 93. 
Hiihnmte, analysis of, 161. 

Hustler, the late W., 156. 

Hutchings, W. M., his treatise on Al plat 
reactions, 31. 

Hydrated acids, 145. 

Hydrates, chemical, 136. 

Hydrocarbonous pyrocone, 74. 

Hydrogen, detection of, Tabs, iii.,1*; 

22 . 

Hypothesis of pyrocone formation, 61-56. 
of non-fusion of aluminium plate, 
100 . 

Land J. 

iMPOBTANCfB of a knowledge* of pyrocone 
formation, 65. 

Infusibility of aluminium B.B.; cause 
different from that of platinum, 100. 
Ink eraser, 98. 

Inner balls fuimed by silica, 138, 143. 
Institute, City and Guilds of London, x. 
note. 

Instruments [see Auxiliary Apparatus). 
Iodine, detection of, Tab. vi., 24. 

Iridium, detection of, Tab. vi., 25. 

Lx>n, detection of, Tabs, iii., 56* ; vi., 21. 
Jelly formed by silicates in B. acid, Tab. 
vi., 48, ool. 4. 

Johnson & Matthey, Messrs., 4, 36. 
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K. 

Kkowledqb of pyroeone rfnicttire im- 
portant, 61, 66. 

ot pyroiogy UBctul commercially, vii. 
KClOs, analysis of, 172. 

L. 

LahradoHUt analysis of, 154. 

Lamps, pyrological, how to make, 15. 
oil, 17. 
candle, 19. 
hot-gas, 25. 
cold -gas, 28. 

Landaner, F., on Blowpipe analysis, 72, 
73, 101. 

Lead, detection of, TaDs. Iv. F. ; vi., 41. 
Lenses, different kinds of, 62. 

American, cheap, 63. 

Letcher, J. T., his vulcanite hand -blower, 

11 . 

Lime, detection of (see calcium oxide). 
Tabs, iii., 40- ; vi., 11. 
inflammation of, with hot glacial P. 

acid, Tab. vi., col. 6, 11. 
beautiful coloured mantle— p.c. pro- 
duced by, 134. 

(Beagent), 96. 

Line of blast on surface of pyrooone, not 
within it, 63, C9. 

lines, D, from platinum, not due to so- 
dium, 149. 

spectroscopic, dark, 87. 

Lithium, detection of, Tabs, iii., 7’ ; vi., 
2& 

Lombardi, W., his hot-gas lamp, 26. 
London, City and Guilds of, x., nott. 
Lorgnette spectrum, 86. 

Luminosity in pyrocones a defect, 74. 
Luminous p.c. of copper in boric acid, 
79. 

Lyell,SipC.,119,124. 

M. 

Magnesia, detection of, Tabs, iii., 24’; 
vi., 29. 

Magnesium tape (Reagent), 97. 

Magnet, horseshoe, made of pliers, 44. 
Magnetic needle for iron, &c., ores, 55. 
Manganese, detection of, Tabs, iii, 65'; 
vi., 30. 

solution (Reagent), 97. 

Mercuiy, detection of. Tabs 209* ; vi. , 
93. 


Metals and alloys on A1 pUte, lOi 

Miller, W. A., 139. 

Miller, W.H., 110. 

Mimttite, analysis of, 161. 

Minerals, combinations in (Tab. xvii.), 
178. 

Mineralogy, pyrologiail, 110. 

Mines, Royal School of, x., note. 

Mispickel analysed, 166. 

Mil. -f Co. 0., analysis of, 168. 
Modification of Plattner’s monihpiece, 7. 

of Abich’s mortar, 60. 

Molybdenum, detection of, Tabs, iii., 96* ; 
vi., 31. 

Molyhdite, analysis of, 164. 

Mouthpiece, Plaltner’s tnimpet, 7. 
Musprott, S , his translation of “Platt- 
ner,” 70. 

N. 

Kiccolite, analysis of, 178. 

Nicholson, Prof. H. A., 124, 

Nickel, detection of, Tabs, iii., 68‘ ; vi., 
85. 

in presence of cobalt, 81, 178, 

Nicol, J., his mineralogy, 111. 

Niobium, detection of, Tabs, iii., 94* ; vi., 
34. 

Nitrogen, detection of, Tabs, iii., 14* ; vi., 
32. 

O . 

OaioiNAL writers on blowpipe analysis 
only four, 78, note. 

O.P. (old O.F.', exact position of, 73. 
O.smium, detection of, Tab. vi., 87. 
Oxides, reactions of, Tabs. iii. and vi. 
of copper (Beagent), 97, 
of ti^nium (Reagent), 96. 
of tungsten (Reagent), 96. 

Oxygen, detection of, Tab. vi., 86. 
Oxy-hydi’ogcn pyi’ocone, 73, 

P. 

Pads, blotting, useful, 84. 

Pen, geometrical (support), 46. 

knife (apparatus), 66. 

Penning, W. H., 119, 124. 

Phosphoiic acid, detection of in ApatUe^ 
173. 

Phosphoric acid (Reagent), 112, note. 

reactions of. Tab. vi., col. 6. 
Phosphorus, detection of, Tabs, iii., 81* 
vi., 88. 
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Plate, ahiminlTiiii (rapport), 8S, 90. 

aluminiain, reactioiiB upon, 98, 108. 
Platinum epatiila, 55. 
tongs (snpport), 39. 
wire (support), 40, 46. 

D-lines afforded by, 1 49. 
detection of, Tabs, iii., 197*4 ; vt., 40. 
Plattner, C. F., 78, note. 

his trumpet moutbpiece, 7. 

Potassium carbonate (Reagent) 96. 
sulphate (Reagent), 96. 
pyrotungstate (Reagent), 97. 
detection of, Tabs, iii., 39’ ; vi-, 26. 
Pufahl, Herr, 162. 

ryrochromes, or coloured flames, list of. 
Tab. vi., col. 6. 

ellychnine, to produce, 88, 134. 
Pyrocones, structure of, 60, 76. 

Pyrological mineralogy, 110. 

Pyromorphitey analysis of, 162. 

Pyrite, analysis of, 166. 

Q. 

Qualitative Freiberg examples, 166. 

R. 

Reaction B of alloys on A1 plate, 104. 
of metals on ditto vrith C slip, 106, 
107. 

Richter, Prof., 166. 

Rhodium, detection of, Tab. vi., 43. 
Roscoe, Prof. Sir TI., 86. 

Royal School of Mines, x., not' 
Ruthenium, detection of, Tab. vi, 44. 
liutile, analysis of, 163. 

8 . 

Saw, charcoal, 64. 

S + As + 6b -h Bi + Co + Ni + Cu, 
analysis of, 171. 

School of Mines, Royal, x., note. 
Scissor-forceps, 46. 

Selenium, detection of, Tabs, iii., 79*4 ; vi. 
47. 

Shape of blast in waves over a candle, 62, 
in spirit-lamp flame, 64. 

Silica, detection of, Tabs, iii., 28‘6 ; vi., 48. 
Silicates, typical. Tab. xvi., 175. 

certain, form a jelly in B. acid. Tab. 
vi., 48, col. 4. 

Silver, detection o^ Tabs, iii., 108* ; iv., 
M.; V.. 10; vi., 2. 
foil or coin (Reagent), 97. 


Slabs, agate, their raperiorltf to mor- 
tars, 49. 
glass, 59. 

Sodium, detection of. Tabs, iii., 23‘; vi., 83. 
yellow flame removes opalescence or 
precipitate caused by platinum yel- 
low flame, 149. 
carbonate (Reagent), 95. 
cobalt, reactions of. Tab. vi., col- 6. 
Solution, manganese (Reagent), 97. 

cobalt (Reagent), 96. 

Spaniolite, analysiB of, 170. 

Spectrum flame-lines, 85, 86. 
absorption bands, 87. 
lorgnette, 86. 

Sphalerite, analysis of, 168. 

Stannite, analysis of, 165. 

Stephanite, analysis of, 171. 

Stokes, Prof. G. G,, 143. 

Strontium, detection of, Tabs, iii., 87 6 ; 
vi.,60. 

Stiucture of pyrocones, 60-70. 

Sublimates on A1 plate, Tabs. iv. and v. 
Sulphur, detection of, Tabs, iii., 32* ; vi., 
45. 

Supei'position of blast, 63. 

Supports of assays per ae, 30-40. 
of reagents, B.B., 40-45. 

T. 

Table of alloys and metals treated on 
aluminium plate, 105. 
assay squares, 114. 
average composition of some fel- 
spars, 189. 

average composition of some rockj 
188. 

characteristic fossil species, 124. 
chemical formulre of salts, 139. 
combinations in minerals, 17S. 
commoner colours of minerals, 186- 
decrepitating minerals, 174. 
fi'actions and percentages, 113. 
general reactions of oxides, 109. 
geological subformations, &o., 119. 
guide to analytical operations, 112. 
metals treated on aluminium plate 
with charcoal lozenge or “ slips," 
106, 107. 

paragenesis of some ores, 118. 
reactions of pure oxides in boria 
acid, 90. 

spectrum flame-lines, 86. 
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Table of the blowpipe treatment of rocksi 
129. 

typical ailicateS} 176. 

nseful contractions, &c., 88. 

Tantalum, detection of, Tate, iii., 187*6; 
Vi., 61. 

Tellurium, detection of, Tabs, iii., 128‘3 ; 
vi., 62. 

Tetrahedrite^ analysis of, 169. 

Tin, detection of, Tate, iii., 118*; vi., 49. 

Titanium, detection of, Tate, iii., 50*35 ; 
vi., 64. 

ToumaHne, analysis of, for boric acid, 174. 

Tubes, body, of mouth-blower, 3. 

Tungsten, detection of, Tabs, iii., 120* ; 
vi., 68. 

U. 

UaAuroM, detection of, Tabs, iii., 120*; 
vi., 66. 

UsOs, analysis of, 1G2. 

Uraniniie, analysis of, 167. 

V. 

Valbntw, W., 140. 

Vanadium, detection of, Tabs, iii., 187*1 ; 
vi., 67. 

Vesiculation, borates made more visible 
by, 83. 

Von Svarb the writer of Engestrom’s 
treatise, iz. 

his work misappropriated by Cron* 
«tedt, X. 


Von Svarb the inventor of “Cronstedt'i 
blowpipe,” and of utdog borax, &c.; 
77. 

Vortex formed by the blast in still air, 65. 

W. 

Wadt analysis of, 167. 

Washing bottles, 67. 

Water, chemical, in calcium hydrate, 186. 
in pure silica, 138. 
in WavtUitt^ 151. 

Wheler, Prof. G., 181, 

Wiedmann, 99, note. 

Williams, Mx,, 93. 

Wires, platinum (support), 40 
magnesium (Reagent), 97. 

Wol/ramittf analysis of, ICO. 

Wollaston, Dr., 57. 

Y. 

Yttehjm, detection of, Tabs, iii., 61 7 ; 
vi., 69. 

2 . 

Zeolitio silicates, analysis of. Tab. vi., 
48-4. 

Zinc, detection of, Tate, iii., 66*; iv., B. ; 

V., 14 ; vi., 60, 

ZineHe, analysis of, 166. 

Zirconium, detection of, Tabs, iii., 89*5; 
vi., 61. 

ZoiaiUi analysis of, 163. 
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SOCIETY OF ARTS BLOWPIPE APPARATUS 

AND Evbuy Requisite for use is Blowpipe Analysis. 

Sole Maker in Great Britain of Boss's Pyrological Appa- 
ratus, and Campbell’s Prospector's Boxes. 


prices of Blowpipe Hpparatua. 

Ross*s Pyrological Apparatus, £3 10, «. CampbelVs P)X>S2y€ctor\<i Cases, £2. 

Shulents' Blowpipe Cases, 10s. 6d. Society o/AHs^ Cases, 2U., 32s. Gd., ami 42%\ Gd. each. 

£ B. d. 

Rosa’s Air Reservoir Blowpipe with platinum nozzle .... each 050 

„ „ „ with brass nozzle each 0 3 0 

Plattner’s best made, with platinum jet eoch 0 10 6 

Brass, as in Society of Arts^ sets each 0 2 6 

Black Japanned Dd. each ; per doz. 0 8 0 

Blowpipe Nozzles brass, 4d. each ; platinum, each 0 2 0 

Mouthpieces each 0 0 6 

Air Reservoirs' per doz. 0 10 

Grease Lamps, as in Society of Arts’ cases each 0 0 10 

Berzelius Lamp (Oil), on folding stand (Fig. 14) each 0 8 6 

Jet Stand Cold Gas Lamp (Fig. 23) . .14 0 

Lombardi Lamp (Fig. 21) 14 0 

Spirit Lamps, tin or ghiss from 0 1 0 

Wick for Lamp per ysad 0 0 3 

Hand Bellows 0 0 6 

Foot Bellows 218. to I 7 6 

Bunsen Burners each 0 10 

Rose Burners for Bunsens each 0 10 

Ross’s Aluminium Plates (Fig. 25) each 0 4 6 

„ Plate Holder cacli 0 10 

Letcher’s Universal Motion Blowpipe Stand each 0 4 6 

„ ,, Holder each 0 4 6 

Charcoal per stick, 2d.. 4d., and 0 0 6 

„ Postiles per gi’oss 0 3 0 

„ Saws each 6d. to 0 1 0 

„ Borers each, Is., 2s. 6d , and 0 4 6 

Ross’s Steel Anvil Mortar (Figs. 58, 60), well made 0 3 6 

Platinum Forceps (Fig. 32) each 3s. to 0 3 6 

„ Wire, flue . . per inch, Id. ; Ross’ btaudard, 4d ; per oz. 1 16 0 

„ Foil, 2 in. by 1 in Is. each ; per oz, 1 16 0 

„ Spoons each 28. 6d. to 0 5 0 

Agate Slabs (Fig. 56). Quotations per size- 1 in. square, Cs. per pair; 

2% ins. square 0 12 0 

Pliers, forming horseshoe magnet (Fig. 41) . . . . from Is. 6d. to 0 2 6 

Pliers, ordinary from Is. to 0 3 6 

Nippers vs. 6d. to 0 4 6 

Porcelain Boiling Pishes from 3d. to 0 1 0 

Holders for Dishes, &c. (Fig. 64) each 0 0 4 

Test-Tube Holders (Fig. Si) 2d. to 0 0 6 



pricnl Bf ^ ^ ^ 

tcauM(ng«.«t,63) ■ jito ? I S 
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BroilMtU assorted) x* ? ? 5 

IChditf IMshes ... each la to 0 S 0 

Blue Glass Slips 2d. each ; per dos. 0 10 

SoftTuWng per lb. 0 1 8 

Cknalmstiou Tubing (very thin, of finest quality) .... per lb. 0 8 0 

dosed Tubes (¥1g. 29) Sd. per doz. ; per rtobb 0 2 9 

Test Tubea from per gross 0 7 0 

Dropping Bottle 010 

Waw Bottle Is. 6d. to 0 2 0 

Hagnetie Needles each Is. to 0 8 0 

REAGENTS. 

Calcium Borate, in bottles each 8d. to 0 10 

OolMlt Nitrate, pure per oz. 0 1 6 

Btkik Gladal Phosphoric Acid per oz. 0 0 6 

«, „ Pink uith cobalt, to test for Alkalies, per 

bottle, of beads Is. to 0 2 0 

Soda Garb^te, pure 4d. per oz. ; per lb. 0 8 0 

Potash Carbonate, pure 8d. per oz. ; per lb. 0 6 0 

Manesium Ribbon 6d. per yard ; per oz. 0 8 0 

Bono Aci^ ftised per oz. 0 6 0 

Cupric Oxide Is. per oz. ; per lb. 0 10 0 

ICanganese Sulphate Is. per oz. ; per lb. 0 10 0 

TunsticAoid . is. 6d. peroz ; per lb, 0 16 0 

Titanic Add, 8t, peroz. Ti Oo (Rutile) ; per lb. 0 4 0 

Blsulpbate of Potash ... ... 2a. per oz. ; per lb. 018 

Iodide of Potassium 2s. per oz. ; per lb. 1 0 0 

Hydrio Potasde Sulphate 8d. per oz ; per lb. 0 8 0 

Fluor S^ 2d.peroz ; per lb. 0 16 

litmus Paper, red and blue . . . 2d. per book ; per doz books 0 2 0 

Turmeric Pa^r 2d per lx>ok ; per doz books 0 2 0 

Brazil-wood Paper 8d. per book ; per doz books 0 2 0 

Contents of Ross’s Pyroloou at. Cabinets 
Bom’s Blowp^, Oil Lamp on Stand, Spirit Lamp. Anvil Mortar, Platinum 
Forceps, Steel Forceps, Aluminium Plate and Holder, Charcoal Slips, 

Platinum Wire, Agate Slabs, Pliers, Tube Holder, Magnifier, Charcoal 
SaWj Magnetic Ntcdle, Knife, Slip of Blue Glass, Closed Tubes, Glass 
Tubing. Reagents r—Nitrate of Cobalt, Stick Glacial Acid, Carbonate 
of Soda, Carbonate of Potash, Lime, Tunstic Acid, Rutile, Bisutohate 
of Potash, Potassic Iodide and Sulphur, Litmus Paper, Turmeric Paper, 

Brazil-wood Paper, Magnesium Ribbon 8 10 0 

Letcher’s Mineral Set, containing 4 doz. Sample Minerals in case for Blow- 

]dP« Work 0 16 0 

OiM containing 18 of the Rare Minemls or Balts 1 12 6 


Balances and Weights of every Description. 

JEoery Requisite /or Pt/rological Work supplied to order. 

Metals, Alloys, Salts, Oxides, Sulphides, and Minerals always in stock for practice. 

Ll iubmittlng this Catalogue, J. T. L. respivcs the right of slightly modifying the 
prices quoted if necessary. 

Every kind ef Scietdific Apparatus and Instruments supplied to order, 

WHOLESALE A RETAIL. Catalogues and Terms on Application. 
GBEUBAT CARE always kxxboisbd in tbs Exsoution & Dupatob or Fossies OssiBi. 
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